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UNTED STATES PATENT OFFCË 

2,602,2J3 
'TIANSi- 
ppHc.ton warch 20, 19J; SeidalNo5277 
J5 Caims. (CI. 35-0A ,) 
î 
This invention relates to a device for use in 
trining personnel in the use of radar equip- 
ment, and more particularly, in the training of 
personnel to fly an airplane by means of ràdar. 
In order that the general nature of this inven- 5 
tion may be better understood» reference is made 
t0 Fig: 8 which is a scl]emtic view of one kind 
of'rada screen or C scope ] and range meter 
9 to which the pilot of a combat plane my 
refer when pfloting the plane bY means of radar. 10 
Fig. 8 shows that the pilot' s screen and range 
mèter  are side by side. The pilot's screen 
commonly referred:to as the G scope and bas 
upon its face a pitu'ality of horizontal a. well " 
as-a plurality of vertical lines. A scale is 
s0ciated with each set of !ines, and it vill be 
seen that the central vertical line is dèsignated 
ê,, while the lines to either side oî this zero:line 
are successively designated by increasing incre- 
ments of 15 Up t0 90. 
The horizontal lines-are likewise-.designated 
in incresing increments of !5 beginning with 
the designation of minus !5 for the lowermost 
lne-and continuing up to plus ]. 
The range meter-is provided with: a need!e 25 
ataped to more over two scales one above the 
othe graduated from zero to ten. Means are 
povided wherebY the scales are selectivelY used, 
the upper scale being used to indicate ranges of 
over one mlle in increments of even mries, and 30 
the lowèr scale being used to indicate ranges of 
less than one rafle in increments of tenths of 
mlles. 
One typical use of radar is in a flghter plane 
whïch is attempting to intercept a target plane. 35 
It ïs this particular situation which the preferred 
embodiment of my invention will be described 
aS simiilating, although it will be readily apparent 
that the invention may readfly be applied to the 
simulation of all types of navigation by radar. 40 
In order that the objects of my invention may 
be more readfly understood the geometrical re- 
lationships between a flghter plane and a target 
plane should be borne in mind. Inasmuch as it 
is assumed that it is the flghter which is equipped 45 
with radar, it is the position of the target rela- 
tion to the flghter which is considered. 
Three factors wfll locate the position of the 
target relative to the flghter: 
!. Target azimuth angle, which is the angle 50 
between the flghter's longitudinal axis and the 
projection of the line of sight fromtheflghter 
to.the target on the plane through the lateral 
and-longitudinal axes of the flghter. Azimuth is 
meásured fom the end of the .projection of the 

2 
10nitudinal gxis corrëS0nding to the nose of 
the  plane clockwise o countërcl0ckwise thròUh 
180 °, but the spèciflC typë of rsdar indicating 
eqUîpment in coiisidered only indicates 
mnth p t0  90" léIt o riht.  Zimuth is 
reatr than 90  the taet not shownup0n 
the scope. Howver, tuf invention is applicable 
to other tYPsf radh egeiVih eqmënt, as 
will be ltë:dergtb5d: 
This demtiçn is illt'fed in Fig. 9 Where 
fhè line L designtes:_te diçecon 0f fiigt and 
the fighter's (F) logitunal aMs; thè nèS 
designátes thë 0jêti0n :0fthé line of sght'-fbm 
the flghte F rb: te'tgdt (T) on thè plane 
through thlteyÇ..upd.:lqngtçdinl axesp$.the 
flghter; an e ngl A.dsignu.es the zmuth. 
2. Tage .eyti9n Pge, .hiçh i.the. angle 
between the line of sight fromthe flghter to the 
tagei and the plane  thugh  te latrÏ and 
longiunal axes Of 
s deflnition is illustrated in Fg. !0..wher 
P illtçates.. e. plane 0th lèra..d, lon- 
gitudinal axes of the flghter (F). for the case 
when the flghter s in level ght, TS  th line 
ofsight fom-the figteZ fo the:target (T) 
A is the targê e]êdion aflgie] 
BY virte: o'f: the ' foegpng deitions- more- 
ments of thëflghte about its xes wil'cae 
thè aZiuth ndelewïéfi angles. 
3« Targ: slan range; wdh is thé dsance 
aloflg' the  lie o'f sfgHt f0m the flghter' (F) to 
trie ranger (T. In::g;: 10'. taget slant rangëis 
illtratèd:b the ine TS. 
Iti .thése:threefactbrs-which ae givë bYthe 
C..sope- and .range mêtèr caed, by' a rëal 
fighter ple equippëd with radar. Ifl rel radar 
cried"by  a.flghte plane .thë plane i equipPed 
with 'meSns Wch casë the image o the sdope 
to bè"pbsitoned accsding'to ' thé jt deed 
azimth and elewion angleg - of the target. 
Alto', the adar-eqtfipme.n causes the/rangemeer 
t& register inacc0raflce t h 
thetargefrbm the figter: e radarLCat- 
ing -means teefrè indicte the azimut,: ele 
ration aflgle:nd ahge of :the targèt; ë radar 
equipment .... '  .: : :- .'. 
. carne-by-the fighter, '.and 
foms no part of tis invention andthCëore 
is hot  heeiA sh0Wfl idéfai],:. Hòevèr, suf 
flciënt dèscripioff of: thë parts of th rr 
equlpnt usëa th'm invention Will b  gien 
herinafer to' eflable - thsë :skiHed- in. thë 
oï--radar fO 'ptiè * this invëntiön] 
When the radar eqpment carried by a plan 
i set in"oeçaion; .if a  targt nláne ha  witin 
thë aeld 0f Opéatoh 
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Such as that shown at T in Fig. 8 appears upon 
the screen. This image is produced by parts of 
the real radar equipment which may forma part 
of my invention, as later more fully explained. 
The azimuth of the target as previously defined 
is conveyed to the pilot of the radar equipped 
plane by the position of the image on the screen 
relative to the vertical line marked zero. If the 
image appeared as shown in Fig 1 the azimuth 
of the target would be 30 degrees right. The 
target elevation angle is indicated to the pilot by 
the position of the image relative to the scale at 
the right of the screen, and in the illustrated case 
is plus 50 degrees. At the saine rime the range 
meter shows the slant range of the target from 
the fighter--in the illustrated case the slant 
range being four and one-half mlles. If the 
radar equipment continues in operation, and the 
target remains within the scope of operation 
thereof, the position of the target relative to the 
fighter in terres of azimuth, elevation angle and 
range is continuously given by the scope and 
range meter. The position of the target relative 
fo the axes of the fighter as shown by the scope 
and meter changes in response to the following 
movements of the target: 
l--changes in the latitude of the target 
2--changes in the longitude of the target 
3--changes in the altitude of the target 
Furthermore, the position of the target rela- 
tive to the axes of the fighter as shown by the 
radar indicating means changes in response to 
the following movements of the fighter: 
4--changes in the latitude of the fighter 
5--changes in the longitude of the fighter 
6--changes in the altitude of the fighter 
7--changes in the position of the fighter about 
its vertical axes 
S--changes in the position of the fighter about 
its longitudinal axis 
9--changes in the position of the fighter about 
its transverse axis. 
As far as the first six mentioned factors are 
concerned itis deemed unnecessary to show in 
detail how changes in each of these factors 
fect the position of the target relative fo the 
fighter in terres of the three basic concepts de- 
flned above. It is clear that the relative posi- 
tions of two points in space in terresof azimuth, 
angular difference in height and distance may 
change as either point changes its position in 
any one of the three possible directions of move- 
ment, or combinations thereof. Considering the 
last three mentioned factors, itis ctear that 
change in the position of the fighter about its 
vertical axis, i. e., a turning of the fighter, will 
produce a change in the azimuth of the target. 
As far as factor 8 is concerned, let us assume 
that the target is 90 ° from the nose of the fighter, 
i. e., directly abeam, and that the fighter changes 
its position about its longitudinal axis--that is, 
it banks. It is clear that the target elevation 
angle wfll be changed by an amount equal fo the 
bank, And as far as the last mentioned factor 
is concerned, in the event the target is directly 
ahead of the fighter, i. e., its azimuth is zero, 
change in the fighter's position about its lateral 
axis--i, e., a diving or a climbing thereof, will 
Pr6duce a change in the target elevation angle by 
an amount equal to the change about the lateral 
axis. .. 
The preferred embodiment of this invention in- 
cludes an aviation trainer which.c0mprises a fuse- 

lage universally and rotatably mounted upon à 
stationary base. This trainer in the preferred 
embodiment of my invention represents the 
fighter plane. The fuselage may bank, climb, 
5 dive and turn indefinitely in either .direction, 
these fuselage movements being accomplished by 
the student in the fuselage who, by means of 
the rudder pedals in the fuselage which actuate a 
turning motor, may cause the fuselage fo turn 
10 in either direction. 
By means of the control column or stick which 
is also in the fuselage the student may cause 
the fuselage to bank, climb and pitch by means 
of the banking, pitching and climbing bellows 
15 which are actuated by the movements of the 
control column. All of these movements of the 
fuselage in and of themselves form no part of 
the present invention, and for a complete dis- 
. closure thereof reference is ruade to United States 
20 Patents 1,825,462 and 2,099,857. 
However, the instant invention adds to the 
interior of the fuselage ata place visible fo the 
student the previously described radar indicating 
means, viz., the C scope and range meter. Other 
25 types of radar equipment and radar indicating 
means may be readfly adapted for use with my 
invention. Hereinafter, when a radar equipped 
plane is referred to in the description, a plane 
equipped with the illustrated type of radar indi- 
30 cating means is intended. 
Upon a table remote from the trainer fuselage 
is a recorder which represents the target, and 
this recorder may under the control of an op- 
 erator be ruade to move in any direction and at 
35 varying rates across a chart on the table. There- 
fore the direction and speed of the target's more- 
ment is simulated by the direction and speed of 
the target recorder's movements. 
Also mounted upon the same chart and table 
40 is a recorder which represents the fighter. This 
recorder is of the type described in United States 
Patent 2,179,663. Its movement over the chart 
is automatically directionally responsive to 
changes in the heading of the trainer and 
4.5 speed of movement varies according to the as- 
sumed speed of the trainer. The direction and 
speed of the fighter's movements are therefore 
simulated by the direction and speed of this 
second recorder's movements. 
50 The position of the target recorder on the chart 
at all times represents the assumed latitude and 
longitude of the target, whfle the position of the 
fighter recorder on the chart at all rimes repre- 
sents the assumed latitude and longitude of the 
55 fighter. The record made by the recorder 
shows the assumed course over the ground of the 
Link trainer. This record, in conjunction with 
record ruade by the recorder 25, may be used in 
post analysis of the problem "lïown" by the stu- 
60 dent Pilot in the Link trainer. 
These two recordm's are mechanically coupled 
and connected to the radar indicating means so 
that a movement of either one relative to the 
other, through an intermediate system of electri- 
65 cal .and mechanical elements, produces the saine 
changes in the position of the image on the radar 
scope and in the range meter's reading that cor- 
responding real changes in the latitude and longi- 
tude of a real target and of a real fighter wouid 
70 produce on the radar scope and meter in the 
fighter. 
Amanual control whereby the operator may set 
into the mechanism the assumed altitude of the 
target is Provided, and the assumed altitude of 
75 the fighter is automatically changed and intro- 



¢iuced into the apparatus as will be later pointed 
OUt. As the assumed altitude of the fighter or 
of the targot is changed, through electrical and 
mechanical means the radar indicating means 
are changed just as al"e the real radar indicating 
means carried by a real fighter when correspond- 
ing real changes in target or fighter altitude 
coeur. 
Further, means are provided to change the 
radar indicating means in i'esponse to a turning, 
banking and pitching of the ïuse]age of. the 
trainer, caused by the movements oï the controls 
in the trainer, in simulation of the changes Which 
occur in the radar indicating means carried by a 
rèal fighter when the fighter makes correspondfig 
movements. If should be noted that the.factors 
of target azimuth and target e!evation anglo m.ay 
change in response to the turning, banlàng, 
climbing and diving of the plane equipped-with 
radar, and that the radar indicating mea]is 
spond t0 these movements. This is because radar 
equiPment isdesigned to indicate the position of 
the target relative to the longitudinal, laeïa! and 
vertical axes of the radar equipped plane. Lati- 
tude, longitude and altitude of the radar equ]pped 
plane.also are determining ïactors, but as far as 
the target is concerned, the on!y determining 
ïkctors. are latitude, longitude and altitude,  
other words, the target may be considered o 
a point having location on!y. 
içis the main object of thi inven[in to pro- 
duce means whereby the radar indicating mean 
insa]led in a groded trainer may be ruade to 
respond to the above-outlined nine determining 
factors in simulation of the responses of radar 
indicatg means crried by a plane in actual 
fiight to targt and to radar equipped plane move 
men. ith my invention it i possible for the 
student in the trainer to contro] the trainer, in 
response, to the signala indicated on the creen 
In the trainer, jut as a reaï pi!çt in a plane 
would control %ho plane in resPonse to corre- 
sponding signa!s. Thus itis possible for the 
student to .c0ntrol the Link trainer so that the 
age remains on the zero azimuth and zero 
vation anlë lines in Fig. 8, jus as the pilot in a 
real plane s keÇps.the finage on his screen when 
ho deires to intercept an enemy craft. Other 
sáted si}iations, it wfll be understood by those 
skflled in the art, maY be practiced by the use of 
tuf invention. 
if is a closely related object of this invention 
fo provide a device for trainngin navigation 
radar wihout in2' re«A rzdoEr propagation and 
reCeption equipment. 
Numerous.other related objects will become ap- 
parent as the description proceeds. 
In order that the nature of my invention 
be.better understood reference i ruade to the ac- 
companyg_ drawings wherein a preferred 
b0dent is shown. 
[n the figures, 
Fi. 1 shorts a grou_ded aviation trainer of 
typo OEsclosed in United S.ates Patents 1,825,462 
and 2,69,857 togeher with a table upon which 
is.mounted a chart and the target and fighter 
recorders. Other associated par of "  
,r inven- 
tion ae ao shownin this fiure. 
Fie. 2 shows  detail certain of the structural 
parts .of .tuF.invention and the ¢enerai out!ine of 
the .whole invention, in dia¢ïamrnatic form. 
Fig..3 is a detailed view of the target andfighter 
r¢cordrs;, the means, connecting t-ho saine, and 
çs or ..detegmng ground rangé OEs 5!1 as 
one of the componens of az]uth, " " ........ 

Fig 4 discioses the det.ai!e d, means-f0,va-ryin 
the seed. - ovement of-the -ts, rget- a.nd fighteï 
rorders-over ïe-chart according to the. assumed 
speeds of the tar[et and fighter. 
5 Fig. 4A disclose a detailed.part of-mY in, en- 
tion. 
Fig. 5 shows the attitude correction-unit, which 
comprises means for correcting elevation ngle 
in response to the movements of the fighter, about 
10 its three axes and- for changing the azimuth in- 
dication in respon.se fo turning of. the trainer 
abou-its vertfcal axis. 
Fi, 6 discloses: the means usëd o intodce 
int0 the apparatus .he. factor of a!titDde f th 
:] figlàter. 
Fig,  discloses means for integraing: th fac- 
tors of-ground range and altitude differece to 
pr0ducWthe factors of altitude angle and slant 
range, and moins for modifying the altittïdë, an,- 
0 le to produ6e the ele/ation angle. 
Fig. 8 discloses. the radar indicating me.ans 
within the traner fuselage, 
Figs. 9 and 10 fllusfirate somo of the basic ge0- 
metrical relationships .between a. radar equipped 
2 plane.and a.taret plane. 
The gher 
Ieferring now to Fig. 1, it wiil be seen that my 
lnventii3n includes a trainer-of the type generall:¢ 
, reerred to as a Link trainer. This trainer s 
assumed, in the illustrated embodimen.of m:¢ 
vention, tobe a radar ecluipped fighter. This 
trainer comprises a stationary base I}and a:fuse- 
lage I. The ïuselage $2 is raounted apon a uni- 
;. versal joint I shoWn in Fig. 2 which in turn rests 
upon a main central spindle !  which is rotatably 
mounted in base ri}. Octagon $ is attached to 
fuselage.! . The fuselage !  is sufficiently large 
to accommodate a student who may enter, the 
.; fuselage ,by means of door f-and a seat (hot 
shown), is provided within the fuselage .for fhe 
studenf. A.hood f8 may be used o completely 
encompass the student within the traier.so fha.t 
in the "fiying" of the sa-me ho must rely com- 
pletely .upon the ïnstruments which, are in fhe 
 5 trainer in a position corresponding fo the=posi- 
tion of the instruments in a real plane. The 
radar indicating.C scope is designated  and the 
range meter ! 9. " 
Wïthtn the fuselage  are a pair of rudd:èr 
5o pedals Sa _which simulate the rudder pedals of a 
real plane.. By g manipulat2on of these rudder 
pedals the student máy energize.the .turning 
tor  to cause the trainer fuseiage $.to totale 
. relative to base }. in either direction about its 
vertical axis just as the pilot of a real plane may 
correspondingly-cause the plane to turn. AISe, 
within the .fuselage  there is provided a control 
stick or. column $b by which the student may 
o cause the fuselage. 2 to drive or climb or bank 
relative to base } in either direction in simula- 
tion of the manner that a pilot causes a.real plane 
to .perform-corresponding movements. Th e.turn 
ing of the fuselage 2 is possible because of tte 
5 rotatable mounting of spindle 4 in base } while 
the climbing, diving and ,banking are mde pos- 
sible by means of the mounting of the fuselage 
2 upon he previously-menti0ned universal join 
70 The previously-mentioned United States Pat- 
ents..1,825,462 and 2;099,857 disclose in detafl 
means for Causing the fuselage ! - to turn, .climb, 
dive and bankin simulation of the movement pf 
a. reÇ1,..plpe in. actual flight and,. theref.¢,, fhe 
75 rncvemenç Of çh rldder pedls nd c0n.trol..sçlck 



 by thé studen which control the p0sition of fuse- 
lage 12 do not constitute a part of my invention 
except when combined in the manner tobe later 
described for affecting the indications of the ra- 
dar indicating C scope and range meter. 
Also shown in Fig. 1 is a table 22 upon which 
is placed a chart 24 which preferably bas en- 
graved thereupon suitable lines of latitude and 
longitude. 
The arge recorder 
Seen upon chart 24 is the target recorder des- 
.ignated generally 26 and the flghter recorder des- 
ignated generally 28. These recorders are hown 
in detail in Fig. 3, fo which reference is now marie. 
The target recorder comprises two substantially 
ïdentical parallel members designated generally 
8{} and 3! connected by a central elevated trans- 
verse member $3 This arrangement permits the 
flghter recorder 2{} to move under target recorder 
26. Members 3{} and 3! and their associated 
parts are substantially identical so only a detailed 
description of member 3{} will be giron. -Member 
8{} comprises two horizontal plates 82 and 34 held 
apart by spacers 36. Two vertical shafts 3{} are 
rotatably mounted in and held by the plates 
and 34. Mounted upon the lower end oï each of 
the vertical shafts is a synchronous mot0r 
.each of which through a reduction gear train 
drives a propelling wheel 46 which tests upon the 
chart 24 shown in Fig. 1. A set of conventional 
slip rings and brushes 48 is associated with êach 
of the shafts S{} to permit indefinite rotation of 
shafts 3{}, motors 42, gear trains 44 and pr0pelling 
wheels 46 and at the saine rime keep the motors 
42 connected to their rem0te source of electric 
power. 
Rigidly affixed fo the top of each of vertical 
shafts 38 is a large spur gear 5{} which meshes 
ai all rimes with a middle spur gear 52. This 
large gear is rigidly affixed to the vertical stub 
shaft 54 whlch is held by plate 34 fo correctly 
position gear 52 at all rimes. Rigidly fixed to 
shaft 54 is ,bevel gear 5{} within housing 5{} and 
meshing with gear 5 is. another bevel gear 6{} 
which is rigidly affixed fo horizontal shaft 
Rigidly affixed upon the outside end of horizontal 
shaft 62 is anti-backlash worm gear 64 which is 
driven by worm 66 £ormed rigidly affixed o hori- 
zontal shaft 68. A bearing contained in bl0ck 
which is rigidly affixed to plate 34 is.provided to 
properly position horizontal shaft 68 and a crank 
2 is affixed fo the end o£ horizontal shaft 65. 
The virtue of the foregoing arrangement, 
will be understood that by turning crark 
Which if is contemplated shall be done manually 
by the instructor, the middle gear 52 may be ro- 
tated and consequently gears 5{}, vertical shafts 
35, motors 42, gear trains 44 and pr0pelling wheels 
46 will be turned about their vertical axes. The 
instructor may thereïore position propelling 
wheels 46 in any direction through 360% 
Horizontal shaft 52 is driven by the bevel gears 
56 and 6{}. Upon the other end of this shaft is 
another bevel gear (not shown) in housing 
which cooperates with bevel gear 6 which, 
through a system (just like the previously-de- 
scribed system) comprisingvertical shaft 54', in- 
termediate gear .52', driving two other gears 5{}' 
mounted upon vertical shafts 38 each carrying a 
motor 42', set of gear trains 4' and propelling 
wheels 46', may rotate the corresponding parts to 
position the propelling wheels in any giron direc- 
tion, 

8 
four of .the main vertical shafts 88 and 88' are 
turned as arethe driving motors 42 and 42' and 
propelling wheels carried by each of these shafts. 
The driving motors and propelling wheets tun in 
5 the saine direction and thrOugh the Saine angle 
so that their directions are af all rimes parallel. 
The instructor may, therefore, cause the motos 
42 and 42' to drive the target recorder in 
direction across the chart 24. The giron direc- 
10 tion in which the target recorder is moving at 
any instant may be ascertained by a reference 
to the azimuth scale $ rigidly affixed upon plate 
34 and the pointer 8{} rigidly affixed to the upper 
end of shaft 35. The instructor may, by a refer- 
15 once to the azimuth indicating means ?$, ${} cause 
the target recorder to more in the direction in 
which it is assumed that the target plane is mov- 
ing. 
Fig. 4 shows the means used fo govern the rate 
20 of travel of the target recorder, which rate may 
be varied according to the assumed ground speed 
of the target plane. The mechanism shown in 
Fig. 4 is referred fo in the art as the ground speed 
unit, and is designated in Fig. 1 by 8 !. 
25 In Fig. 4 is shown a constant speed motor num- 
bered 82 upon the output shaft of which is rigidly 
fixed spur gear 84 driving a larger gear {}6 which 
is rigidly affixed to splined shaft 8{}. Drum 9{} is 
mounted upon splined shaft 8{} in a manner to 
30 permit it to slide along the shaft and to rotate 
with shaft 88. Rigidly affixed upon this drum 9{} 
is an upraised cam portion 92 as shown. The 
upraised portion 92 begins af the right end of 
drum 9{} and progressively encircles the drum 
35 until it completely surrounds it at its left end as 
shown in Fig. 4. A roller cam follower 94 is 
carried by contact arm 96 which is connected to 
wire 98. Arm 96 bas a contact point 9L This 
contact strip is carried 
40 which is suitably fixed to a supporting means (hOt 
shown). A second contact strip !{}2 having a 
contact point !{}8 is connected to a second wire 
{}4 and a third contact strip {}6 is connected to 
wire ! {}8. Contact strip ! {}6 is connected by means 
of pin {}9 fo member    which carries screw ! !3'. 
45 The drum 9{} and cam portion 92 which is affixed 
thereto are moved along splined shaft $$ by 
means of bracket ! !  which in turn is moved by 
the nut !  2 and stub shaft  ! 4 whenever threaded 
shaft ! ! 6 is turned by means of the flexible cable 
5 ! !$, gear train !2{} and crank 
The three wires 98, {}4 and {}5 are contained 
in the cable !24 which, as shown in Figs. 2 and 3, 
connects with the target recorder junction box 
!  5. The three wires connect to each of the driv- 
.55 ing motors 42 and 42' through the slip rings al- 
though the detailed connections are hot shown in 
Fig. 3. 
Wire 9{} is connected to a source of alrnating 
0 current while wire !{}8 is coïmected fo a source 
of direct current. Wire {}4 is a common return. 
Whenever follet cam fotlower 94 is upon the up- 
raised cam 9 contact is ruade between points 
9 and {}3 and ,by means of elements 96, 98, !{}2, 
5 !{}3 and !{}4 the source of alternating current 
energizes the motors 42 and 42' and the target 
recorder moves across the chart. However, the 
instant roller cam follower 
and contacts drum 9{}, contacts 9 and !{}3 break 
70 and strip !{}2 contacts screw !!8, so by means 
of elements !{}4, !{}$, !{}9, !! and !3 the source 
of direct current is connected to the motors 42 
and 42'. This connection immediately stops 
these motors, thereby preventing coasting of the 



By means of crank |22 the instructor may po- 
sition the drum g} and cam g2 along splined shaft 
88 fo cause the synchronous motors 42 fo run 
varying proportions of the rime and, consequent- 
ly, the instructor may govern the distance traveled 
by the target recorder in a given length of .rime 
over chart 24. The asumed rate of travel of 
the target plane is proportional fo the distance 
traveled by the target recorder in a given rime 
interval. 
A graduated Clial 3 is geared fo the crank |22 
as shown. This dial |34 is preferably calibrated 
in mfles per hour and .by referring fo if and a suit- 
able pointer (hot shown) the instructer may 
cause the target recorder fo move over the chart 
af the desired rate, thereby simulating the as- 
sumed rate of travel of the target plane. 
By means of the previously-described mecha- 
nism the instructor may therefore cause the tar- 
get recorder fo move over the chart in any de- 
sireddirection corresponding fo the assumed di 
rection of fiight of the target plane. Also, the 
instructor may vary the rate of travel of the 
target recorder fo simulate different assumed 
rates of travel of the target. 
The ]ïgher reeorcler 
Also seen in Fig. 3 is ¢he fighter recorder-28. 
This recorder is oZ the type described in United 
States Patent 2,179,663 and as shown in Fig. 2, 
this recorder includes a teletorque receiver 48. 
A teletorque transmitter 38 is provided, and 
up0n the input shaft 8 oZ this transmitter is 
fixedly.moun¢ed a gear 42 which meshes with 
gear |affixed fo the main spindle fo rotate 
therewith. 
Teletorque transmitter  38 is connected through 
cuble 3 fo the teletorque receiver 14 which 
is a part of recorder 28. Teletorque receiver 146 
also bas a cen¢ral shaft (hot shown) referred fo 
as ifs output shaft, and a gear is likewise rigidiy 
affixed upon this shaft. The teleterque transmit- 
ter 88 and tele¢orque receiver 8 are oZ the 
well-known type wherein a rotation oZ the shaft 
oZ the teletorque transmitter through a given 
angle produces a rotation of the central shaft oZ 
the teletorque receiver through the saine angle. 
By selectively comnecting the wires connecting 
the teletorques, the output shaft oZ thereceiver 
may be ruade fo turn in either direction. When 
the input shaft oZ the transmigrer is turned in 
one direction, the output shaf# oï the receiver 
always turns in a given direction. A reversal oï 
the direction of rotation of the input shaft of the 
transmitter results in a reversal of the direction 
of rotation of the output shaft of the receiver. 
Whenever the terres "teletorque transmitter" and 
"teletorque receiver" are hereinafter used the 
corresponding parts of a system of this type are 
designated. 
As described in the United States Patent 
2,179,663 whenever fighter 12 is rotat.ed through 
a given angle he rotation of gear [t4 causes a 
rotation of the input shaft t4} of the eleorque 
transmitter I-8. Consequent]y, a ïotation of the 
outpu shaft of eletorque ïeceiver  results, 
and by means of suitable geari_g the propel]ing 
wheels [ of the fighter recorder 28 are turned 
through the same angle and in the saine direc- 
tion as the rotation oî fighter [2. There.fore, 
fighter recorder 28 is direcionally responsive fo 
the rotation of fuselage 2 so that the direction 
of ifs travel over cha.r 24 corresponds af all 
rimes fo the assumed direction of fiight of thc 
fihtr plane  2. 

Means will now be described for governing the 
rate of travel of fighter recorder 2 over the 
chart 2 according fo the assumed speed of the 
fighter | 2. 
5 leferring now fo a plane in acual fiight, if will 
be realized that the .rate of travel of the plane 
depends upon two factors, first, the throttle set- 
ring and secondly, the attitude of he .plane, that 
is, whether if be climbing or diving. The farther 
10 open thë throttle the faster the plane's more- 
ment and, of course, a diving of the plane in- 
creases ifs speed while a climbing bas the oppo- 
site effect. 
leferring now fo/Figs. 2 and 2A, it.will beseen 
15 that inside .fuselage 2 là a throttle lever 
pivoted af the point 52 ànd having conneCteCl 
af ifs lower end a lnk | which in turn is piv- 
otally comnected t0 the upper end of arm |$ 
pivoted af S. Link |9 is connected to.the 
20 piteh action walking beam |$Sa which is pivoted 
upon the stub shaft lb carried by arm 
which in turn is affixed uponthe left end of 
shaft 2. Shaft  is rotatably mounted in 
brackets 2S which are affixed fo the fioor of 
5 fuselage . Arm 2a. is affLxed upon the right 
end of shaft 2, and depending link 2.9b piv- 
otally attached fo arm 2}a. bas is. lower end 
affixed fo a portion of the .revolving octagon .. 
The piteh action walking beam }à bas pivot- 
,0 ally connectèd thereto the link 2 which in tu.vn 
is connected fo lever g as shown. Lever 
is rigidly affixed fo shaft . which is pivotallyl 
mounted in bracket 8 which in turn is rigidly 
affixed fo the bottom ]} of fuselage 
55 The just described arrangement of parts is 
disclosed in U. S. Patent 2«099,857, and if is suffi- 
cient fo know that upon a pushing fo. the left 
in Fig. 2, fo which figure reference is now ruade of 
throttle lever }, which action simulates the 
4O opening of thethrottle in a plane in actual flight, 
the upper end Of lever  moves fo the right. 
A movement of the hrottle lever in the oppo- 
site direction reverses the direction of mevement 
of lever . A diving of ïuselage 2 causes the 
5 upper end of lever 4 fo move o the. right in 
Fig. 2, whfle a climbing of fuselage 12 produces 
opposite motion of the lever. ït will be seen .in 
that figure t.hat fo the upper end of lever {} is 
connected cable - which:is wound around a 
50 pulley  which is rigidly mounted upon the 
 . spring:biased input shaft of the teletorque trans- 
mitter {}. This teletorque transmitter, which 
is known as he fighter ground speed transmit- 
ring teletorque, is connected by means of the elec- 
55 trical cable  in Fig. 2 fo the fighter ground 
speed receiver teletorque  which is a part of 
the ground speed uni 8. shown in detail in 
Fig. 4. 
leference is now ruade fo Fig. 4 which discloses 
60 the ground speed unit designated in Fig. 1 by . 
In Fig. 4 if wfll be seen that the fighter ground 
speed receiver teletorque } bas the usual out- 
put shaft 2 .and a disc  affixed thereupon. 
Rigidly attached o the disc is bracket I$$ which 
ô5 carries a contact roller 3 vhich bears against 
the unseen side of the circular contact carrying 
member g}. The unseen side of .the member 
ecarries two 180 ° segements which are shown 
in Fig. 4A and numbered  9  and    a. These 
70 180 ° segmenfs are insulated from one another, 
but .their ends are close together as shown so 
that follet 118 may contact both simultaneously 
if the follet is appropriately positioned with re- 
spect thereto. E'ach of the 100 ° segments i s con - 
7 nected electrically fo one of the circular plates 
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192. or 194 upon.the other side of disc 190. The 
circular plates are a]so insulated from one an- 
0ther. A brush 196 is af all rimes in contact with 
plate 192 . while brush 198 likewise contacts plate 
194 af ail rimes. A conductor 200 cormects brush 
196 with one terminal of the reversible follow- 
up motor 202 while conductor 204 connects brush 
! 98 with the other terminal of this motor. When- 
ever the rol]er 188 is moved by receiver te]etorque 
180 so that if is in contact with only one of the 
180 ° segments motor 202 is energized and turns 
in a given direction and through a gear train 
and the gear 206 the motor drives disc 190 in a 
given direction until contact ro]ler 188 .contacts 
both of the 180 ° segrnents, af which instant motor 
202 stops. On the other hand, if contact.roller 
188 is moved by means oJ te]etorque receiver 180 
until if contacts only the other 180 ° disc motor 
202 is energized and turns in the opposite direc- 
tion thereby turning disc 190 in the opposite di- 
rection from the first cited case until contat 
ro]ler 188 again contacts both of the 180 ° seg- 
ments, af which instant the motor 202 stops. 
This arrangement is, therefore, of a conventiona] 
fol]ow-up type. 
If will therefore be realized that if the output 
shaft 182 of fighter ground speed receiver te]e- 
torque 180 is turned in one direction motor 202 
rotates, contact plate 190 in a given direction 
through the same angle as the rotation of the 
shaft 182, while if the .output shaft of the re- 
ceier teletorque is rotated in the opposite di- 
rection motor 202 is energized fo rotate disc 190 
in the opposite direction and .through a corre- 
sponding angle. 
This means of energizing a follow-up ' motor fo 
drive a disc as a result of the rotation" of the 
output shaft of a receiver teletorque is used 
cause of the limited torque of a teletorque re- 
ceiver. Such an arrangement is used in several 
places throughout my invention and whenever it 
is stated hereinafter that the rotation of the shaft 
of a teletorque receiver is used to energize 
follow-up motor to drive another membera sys- 
rem substantially the same as that just described 
will be intended.. 
Referring still to Fig. 4, if will be seen that 
disc ! 90 is rigidly mounted upon horizontal shaft 
208 upon the other end of.which is rigidly afâxed 
spur gear 2 ! 0 which meshes with rack 2 ! 2. This 
rack carries a bracket 214 by means of members 
21§. Splined shaft 2|6 is free fo rotate within 
bracket 2 ! 4. Upon the right end of this splined 
shaft is rigidly alTixed spur gear 2 ! 8 which meshes 
with the gear 84 which, if will be recalled, is 
rotated by constant speed motor 82. Drum 
is mounted upon splined shaft 216 in a manner 
fo be rotated thereby yet allowing this drum fo 
slide along the splined shaft. An upraised cám 
portion 222 encircles drum 220 in exactly the same 
manner that upraised cam portion 92 shown in 
the upper part of Fig. 4 encircles drum 90. An 
insulating block 224 and a plurality of contact 
strips designated generally by 226 are provided 
as is a roller cam follower 228 and a plurality of 
wires 230 which connect fo the contact strips as 
shown. Inasmuch as the construction and oper- 
ation of the roller 228, strips 226 and wires 230 in 
response fo a rotation of the drum 22ï and cam 
222 is an exact duplicate of the previously-de- 
scribed functioning of the corresponding elements 
shown in. the upper part of Fig. 4, if is deemed 
urmecessary fo point out in detail the functioning 
of these parts. Itis suflcient fo know that the 
wires230 are contained in the cable 24 shown 
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in Fig. 2 which connects fo the fighter recorder 28. 
Carried upon two of the vertical shafts of 
recorder 26, as is more fully described in the 
U. S. Patent ,19,663, are two synchronous mo- 
 tors (only one shown) designated by 234. These- 
motors are connected by means of geaz trains 236 
fo the propelling wheels 148 of the fighter ,re- 
corder. 
leferring again fo Fig. , if v«ill be seen that 
l0 the follow-up motor 202 by means of the gear 
train 206, disc |00, shaft 26, gear 20, rack 
and bracket 2 4 positions the drum 220 and cam 
222 along splined shaft 26 according fo the 
angular position of the output shaft  02 of fighter 
l ground speed teletorque receiver 0. Therefore, 
he proportion of rime that fighter recorder 
is propelled by ifs motors 234 depends upon the 
angu!ar position of the shaît  2 of fighter ground 
speed receiver teletorque | 60. 
E0 Inasmuch .as the. position of arm 64 shown in 
lig. 2 depends upon the position of throtte |§0 
and arm |4 is connected by means of cabre 
fo the spring biased input shaft of fighter ground 
speed transmitting teletorque $ which is con- 
. nected fo teetorque receiver ! 00 shown in Fig. 
if wil be understood that a movement of throttle 
| §0 affects the position of contact roHer 0 which 
governs through the intermediate described means 
the position of drum 220 and cam 222 al0ng 
S0 splined shaft 26. The rate of the travel .of 
îîghter recorder 20 is therefore dependent upon 
the position of throttle §@ and, of coure, the 
speciîîc connections are such that the farther 
throttle | §0 is Positione fo the eft in Fig. 2 the 
3 farther o the right along splined short 2|0 are 
placed drum 22@ and cam 222. There6re, an 
opening of throttle |§0 causes recorder 20 fo 
more a larger proportion of the rime, .thereby 
simulating a greater assumed ground speed Of 
¢0 the fighter | 2, while a closing of the throttle hs 
a contrary effect. 
leferring now fo Fig. 2A if wii be seen that 
bracket 235 is rigidly axed fo the bottom 
of the trainer fuselage and shaft 40 is rigidly 
held by this bracket. This shaft connects fo the 
4 walking beam 60 in order that the position Of 
arm 64 will be the differential result of the posi h 
tion of throttle §0 and the attitude of fighter 
i. e., whether the fuselage be climbing or divng. 
Shaft 240 is connected fo arm 64 so that when 
0 the trainer fuselage dives arm 6 is moved i the 
saine direction that if is moved when throttie 
is open and when the trainer fuselage is in a 
climbing position arm | 6 is moved in the OplSo- 
site direction ust as is the case when throttle 
 |60 is closed. 
Inasmuch as if has been shown that the p0si 
tion of member I4 through teletorque trans- 
mitter ! 6 and the mechanism shown in the lower 
part of lig.  determines the rate of travel of 
60 fighter recorder 26 if is deemed unnecessary, fo 
show further that a diving of the trainer fuselage 
increases the rate of travel of recorder 26 and 
that a climbing of fuselage  2 results in the oppo- 
6 site effect. 
lrom the foregoing, if wiH be understood tht 
the direction of movement of fighter recorder 
over the chart 24 is automaticaly responsive to 
changes in the direction of îîghter 20 so that the 
70 recorder travels ai all rimes in accordance with 
the heading of îîghter ! 2. lurthermore, the rate 
of movement of recorder 26 is ai all rimes auto- 
matically responsive fo the assumed rate of travel 
or ground speed of the fighter ! 2, which rate de- 
7 pends upon the two factors of throttle setting and 



fighter -attitude. It has been .previously shown 
that the direction and rate of travel of the target 
recorder 2 over the chart 24 may be controlled 
manually by t.he instructor .fo simulate any de- 
sired heading and ground speed of the target. 
Arm 164 is connected fo an air speed indicator 
(hot shown) in the fighter and fo the air speed 
indicator 65 shown in Fig. 1 to indicate the 
sumed air speed of the fighter 2. These con- 
nections are as described in U.S. Patent 2,099,857. 
Mean for determining azimuh 
If bas been previously explained that the 
muth from a radar equipped plane fo the target 
is shown upon the radar indicating means car- 
ried by the plane by the horizontal position of 
the image on the C scope. Azimuth has been de- 
fined as the angle between the fighter's longitudi- 
nal axis and the projection of the line ci sight 
from the fighter fo the target on the plane through 
the lateral and longitudinal axes of the fighter. 
Reference is ruade to .Fig. 9 where the line 
designates the direction of fiight and the longi- 
tudinal axis of the radar equipped plane; S desig- 
nates the projection of the line of sight from the 
fighter fo t'ne target T on the plane through the 
lateraI and longitudinal axes of the fighter; and 
the angle A designates the azimuth. 
As previously explained, if will be understood 
that azimuth depends ']pon the ïelat, ive geo 
graphic positions of the target and fighter, that is, 
if the targeb n_ows in any -,:re.tion oti]er than 
a.!ong the line of sig-ht azimuth is changed. Like 
wise. any chane Lu the position of the Jïghter 
above the earth excep.t !org the line of sigh 
changes aJmuth. A second factor which 
aziuh is the direction of fiight of t.he fifhter 
with respect to the target. ïl bhe fighter changes 
its compass direction of flight, aimuth is changed. 
/Ieans will now be disc!osed for automatically 
ascerta!ning the comportent of azimuth which is 
determined by the relative geographic positions 
of the fighter and target above the earth's sur- 
face. 
Reference is marie again fo Fig. 3 which shows 
the fighter recorder 2 and the target recorder 
26. Inasmuch as each of these recorders covers 
an area upon the chart 2 representative of many 
suare mlles of the earth's surface a specific point 
uïon each of these recorders must be selected to 
represent the exact spot ai which the fighter 
and target are respectively located. 
As shown in Fig. 3, the fighter recorcler 8 is 
equipped with an inking wheel 22 rotatably 
mounted in the lower forked end of a vertical 
shaft 244. The fighter plane is assumed fo be af 
the point where the bottom of inking wheel 
tests upon the chart 4. This point is coincident 
with the axis of shaft 244. Rotatably mounted 
upon the upper end of shaft 294 is a block 
which slides in the track 48 of the horizontal bar 
269. Rigid!y aiîï:ed to the right end of bar 
as seen in Fig. 3 is vertical shaft 25 which ex- 
tends up through and is rotatably supported by 
extension 2 of the central member 3 of the 
target recorder. Spur gear  is rigidly axed 
fo vertical shaït  and meshes with gear 
which is fi:_ed upon the input shaft 2} of target 
compass bearing teleorque transmitter 2. This 
teletorque transmitter is cormected bF means of 
t.he wires carried in cable 264 with the target 
compass bearing receiving teletorque 266 shown 
Lu Fig. 5. Target compas bearing receiver tele- 
torque 26, as seen in Fig. 2, forms a part of 
the attitude kake-off unit 26  Shown to be mounted 

14 
upon.the rear.of the octagon  of the fighter 12... 
The target plane is-assumed fo be located af 
the point where the longitudinal . axis of vertical 
haft 25 intersects the chart 2. The bearing 
5 from the position of the fighter  fo the position 
of the target maF be ascertained, therefore, by 
determining the angle between north en the chart 
4 and the line of sight from the ts;rget recerder 
fo the fighter recorder. This concept isfllus- 
10 trated in Fig. 9 where .the point F represents -the 
positon of the.fighter recorder, T represents the 
position of .the target recorder, the vertical lines 
run north and south, north being ai the .top of 
the chart, and the line S represents the line of 
]5 sight from thefighter 2 to the target. The tar- 
get compass bearing is given by the angle 
Bearing in mind the preceding mechanical and 
theoretical discussion, referring fo Fig. , if.the 
target recorder 2 remains stationary and the 
20 fighter recorder . moves so that the inking 
 wheel 242 travels across the chart 24 in any di- 
rection other than along the line of sight, b!ock 
246 will cause bar -9 to rotate about the axis of 
vertical shaft . A rotation of gear 256 there- 
25 fore results and the input shaft 2} of target 
compass bearing tetetorque transmitter 262 is 
rotated. A rotation of the output shaft 266 of 
target compass bearing ieceiver teletorque 
therefore results. Teletoïque 26 is shown in 
0 Fig. 5, to which reference is now ruade. 
ligidly aiîïxed upon shaft  is a contact 
rolier 2} which, as a result of its movement, 
energizes follow-up motor 212 in exactly the. 
same way that follow-up motor 29 is energized. 
5 Motor 212 turns through an intermediate gear 
train (2]) gear 6 which is rigidly aiîïxed upon 
splined shaft 2. Upon the other end of this 
shaft is rigidly affixed bevel gear 2] which drives 
ifs companion 2 which is rig]dly affixed fo 
0 shaft 283. This shaft, it will be seen, drives 
bevel gear  which is the primary drive of dif- 
ferential designated general!y as 60. A rotation 
of the primary drive results in a corresponding 
rotation of the output shaft $2 of this differentia] 
45 and consequently gear . which is rigidly 
fixed upon the other end of .this shaft is rotated. 
Gear 286 meshes with geai 2g. and is free to 
rotate upon shaft 28. The rotation of gear. 
causes a. rotation of gear 2 which is afllxed 
50 upon the input shaft 292 of the a/zimuth trans-. 
mitting teletorque $4. This teletorque is con- 
nected by means of the wires contained in cable 
296 with the azimuth receiving teletorque 
shown in Fig. 2 fo be a p«rt of the potentiometer 
55 drive unit 3}. 
Potentiometer drive nnit  comprises three 
potentiometers, one of which is controlled by 
azimuth receivJng teletorque 28 through a fol- 
!ow-up system similar fo that previouslY 
60 scribed. The potentiometer unit is positioned in 
accordance with the position of the output shaft 
of the receiver teletorque 29 fo etab!ish an e!ec- 
trical value in direct linear proportion fo the 
assumed azimuth of the tar,et from tbe fighter: 
65 as determined by the output of azimuth receiv- 
ing teletorque 296. The potentiometer then 
feeds this established electrica! value by means 
of cable 'ea into the Sanborn equipment desig- 
nated. 9 in Fig. 2. This equipment is often 
70 rimes referred to in the art as the echo simu]atçr, 
and being known fo the prior art forms no part 
of my invention except when co]nbined with the 
parts of my invention. The Sanborn equipment, 
in response fo the electrical value fed thereinto 
75 by the azimuth potentiometer generates a signa! 



in- accordance with the potentiometer determined 
elëctrical value and feeds this signal by connec- 
tion 300/ into the intermediate frequency stage 
of the real radar equipment which is associated 
with the fighter 2 and designated in Fig. 2 by 
SOS. The C scope and range meter are shown in 
Fige2 fo be a part of the radar equipment. The 
illustrated radar equipment is of the type desig- 
nated by United States Army number SCI520-B. 
This signal fed into the radar equipment by the 
echo simulator is the same signal that would be 
fed into the radar equipment carried by a plane 
in actual flight if the azimuth of a real target 
were the same as that represented by the position 
of azimuth receiving teletorque 208. The radar 
euipment therefore positions the image on the 
C scope horizontallY, which direction gives the 
azimuthal position of the target, just as the image 
is positioned on the C scope when the azimuth 
of a real target is equal fo that determined by the 
previously deSclïbed apparatus of this invention. 
When the radar equipment is of the SCI520-B 
type, the Sanborn equipment or echo simulator 
is of the type referred fo by U. S. 'my 
designation BC934-T4. The combination of 
SCI520-B radar equipment and of BC934-T4 
echo simulators is known fo the prior art, but in 
the prior art devices the three potentiometers 
associated with the echo simulator fo set up an 
electrical value in the simulator according fo 
azimuth, elevation angle and rang e were manual- 
ly set according fo the three assumed factors of 
azimuth, elevation angle and range, ly inven- 
tion resides, therefore, in the disclosed means fol" 
introducing into the simulator the assumed 
tors of azimuth, elevation angle and range. 
Also, in the known combination of SCI520-B 
radar equipment and BCg34-T4 simulators, 
means are provided under the control of the 
radar operator for regulating certain parts of 
the equipment. VWhen my invention is used with 
the just mentioned types of radar and echo simu- 
lators, the radar operator's equipment is hOt 
changed from the prior art, and the radar op- 
erator's functions are unchanged. (The radar 
operator should hot be confused with the student 
pilot.) For example, the radar operator switches 
the apparatus to selectively use either of scales 
of the rsnge meter 0, and the conventional sig- 
nalling means informs the pilot in the conven- 
tional manner which scale should be read. 
Because of the highly secret nature of the 
Sanborn echo simulator equipment and of the 
radar equipment, snd in view of the fact that 
they do hot form in and of themselves any part 
of my invention, it is deemed unwise and un- 
necessary to explain their detafled construction. 
A complete disclosure of these units may be 
tained upon access to the U. S. Army equipment 
of the above-mentioned numbers. 
Without further detailed description it will be 
understood that if the target recorder 2 or fight- 
er recorder 28 changes its position relative to the 
other recorder in any direction except along the 
lines of sight, the input shaft  of the target 
compass bearing transmitting teletorque 202 
likewise will be turned, and by means of the 
saine intermediate described means the output 
shaft of azimuth receiving teletorque 230 wfll be 
moved. As explained, the image on the C scope 
will then be properly shifted to indicate the 
change in azimuth. Of course a movement of 
both the target and fighter recorders differential- 
ly affects the position of the input shaft 0 so 

16 
" that the mage on the scope is positioned to in- 
dicate the differential change in azimuth. .. 
It may be concluded therefore that means are 
provided by my invention whereby a relative 
 movement of the fighter recorder 2 or target re 
corder 2 with respect to one another in any di- 
rection other than the line of sight produces a 
change in the .azimuth indicated by the radar 
indicating means of this invention just as a cor- 
10 responding movement of a real radar equipped 
plane or target relative to one another produces 
a change in the azimuth indicated by the radar 
indicating means carried by the plane. . 
It bas also been previously stated that the 
1 second factor which determines the azimuth from 
the radar equipped plane to the target is the di- 
rection of fiight of the plane with respect to the 
target. The theory of this statement may be 
realized by a reference to Fig. 9 in which it will 
0 be seen that azimuth angle A wfll change as the 
radar equipped plane t changes its direction of 
fiight. 1Vieans for simulating this feature of 
radar navigation are pa.rtially shown in Fig.- 
where if wfll be seen that spur gear .02 is rigidly 
 affixed to the cross piece 0 which is a part of 
the stationary base 0. 1Vieshing with this ear 
is gear .0 which is rigidly affxed to the vertical 
shaft . having affxed upon its ippr end bevel 
gear 00. Vertical shaft .03 is rotatably mourir- 
s0 ed within a bracket (hot shown) which is affixed 
to crosspiece 30 of the rotatable octagon . 
Shaft 303 and gear -0 therefore rotate about 
gear 2 with a turning of fighter 2. This gear 
meshes with a driven bevel gear 
5 rigidly affixed upon horizontal shaft -0 which 
runs fore and art of the fighter. This shaft is 
held in place by bracket  which is affixed to 
to bottom 0 of the fighter fuselage 2. Shaft 
0 extends through the octagon  of the trainer 
40 into the attitude take-off unit 26 which is 
mounted upon the shelf 200 affixed to octagon 
I. Octagon $ and shelf 203 rotate with fightr 
12. Shaft   , it will be seen in Fig. 5, bas rigidly 
affixed upon its rear end gear 32 which meshes 
45 with a pair of split anti-backlash gears 3  4 which 
are a.ffixed fo the frame 
This attachment of gear .4 to the frame of 
diffeïential 250 constitutes a secondary drive of 
the differential. Shaft 28 which is the output 
5o shaft of this differential is free to rotate within 
gear 314. 
A rotation of fuselage 12 causes a rotation of 
shaft 310 by means of the gears 302 and 304 seen 
in Fig. 2 and the other gears ust descrbed. his 
 secondary input of the azimuth differential 280 
adds or subtracts from the quantity introduced 
into differential 00 as a result of the relative po- 
sitions of the recorders 0 and 2.$ upon the chart 
2. Shaft 02 therefore is positioned at aH rimes 
6o according to the differential result of the target 
compass bearing as determined by the relative 
positions of the recorders modified by the heading 
of fighter 
of azflnuth transmitting teletorque 2 and the 
65 output shaft of azimuth receiving tletorque 200 
assumes a corresponding position. Azimuth as 
indicated upon the scope of the radar equipment 
in fighter 2 is therefore the differential result 
of the relative geographic positions of th fighter 
70 and target, as indicated by the positions o.f the 
recorders, and the heading of the fighter, just as 
azimuth indicated by radar equipment carried by 
a real plane in flight depends upon the two corre- 
sponding factors. "  
 Pitching and banking of a radar equipped 
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plane under certain conditions of flight also affect 
the azimuth of a target, as previously de-ued. 
My invention does not provide means for simalat- 
ing. this feature of actual radar navigation, but 
inasmuch as the fighter 2 is necessarfly limited 5 
.in the degree of pitch or bank which may be 
present, and in view of the fact that it is only 
under certain conditions of flight that pitch and 
bank affect azimuth, the «ailure of my invention 
fo provide means for correcting azimuth, accord- l0 
ing to pitching and banking of thefighter 2 does 
hOt deprive my invention of great utility. 
Means /or determining target altitude angle and 
target slant range 
15 
ïarget altitude angle is defined as the. angle 
between the horizontal plane and the. line of 
sight from the fighter to the target. Ttfis con- 
cept will be readfly understood by a.reference.to 
Fig. 10 wherein F represents the position of the 20 
fighter; P represents the horizontal, plane; T.rep- 
resents the target and A represents £arget alti- 
tude angle. 
Target slant range has been defmed as _the 
distance along the line of sight from the.fighter 5 
to the target and will be recognized as being rep- 
resented in Fig. 10 by.the line OESI. 
Target ground range is the horizontal projec- 
tion of the target slant range and is represented 
in Fig. 10 by the line GlU. 
Altitude diierential is the difference in altitude 
between the fighter and target.and is represented 
in Fig. 10 by the line AD. 
leferring to Fig. 10 it will be realized that the 
target altitude angle A and the target slant-range 35 
TSI depend on!y upon the magnitude of the fac- 
tors of ground range GI and altitude differential 
AD. IV!eans foi" determining the magnitudes of 
these .two primary quantifies and for causing-the 
saine fo affect the radar, indicating-means car- 40 
z2ed by the fighter 2 wfll now be disclosed. As 
wfll be disclosed a mechanical triangulating 
mechanism is used fo. determine the factorsof 
target s]ant range and altitude angle, one side.of 
the triangle being representative of ground range 45 
and the .other of altitude difference. Ground 
range wfll first be considered. 
leferïing again fo. Fig. 3. which shows :the 
fighter recorder 2 and target recorder 2 it.will 
be seen that a string 38. enters_block 2 at a 50 
point c0incident with the longitudinal, axis of 
vertical shaf 2].. This string is suitably..tied 
within block 2 and runs along the. slot 2 in 
bar 29 and turns ai right angles to run inside 
vertical shaft 22. It thon winds around and is 55 
fastened fo pulley 32 which is rigidIF aïxed 
upon the input shaft322 of.ground range trans- 
initier teletorque 32 which is carried bythe tar- 
get recorder. String 3  9 is .lastened fo and winds 
around small pulley $2  which is aiïïxed to.pulley 
0, and the other end of this string is.connected 
fo tension spring 23 which in turn is fastened to 
plate 2. If will be realized that as-the, inking 
.wheel 242 of the .fighter recorder. 2 moves.oyer 
the chart 24 in a dire_ction fo increase the distance 
between the point upon the chart where, the. ink- 
ing wheel rests and the intersection of the axis of 
vertical shaft 22. with the chart, block...2..will 
increase ifs distance from the vertical sha.ft 
and, therefore, stng $.$ is pulled by.block 
so that pulley. 20 rotates in a countercl0ckwise 
direction. The input shaft _22 of the grçu.d 
range transmitterteleerque:_2..is therefore..ç0- 
tated and inasmuck as thistetorque is cormected 
by meàn$ of aSle 2 t0" groni rang, rCer 
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teletorque 330 .which is a part of the elevation 
angle unit 332, as seen in Fig. 2, the output shaft 
33 of the ground range receiving teletorque 
as seen.in Fig. 7,.wfll be rotated in the desired 
direction. 
On the other hand, if the distance between the 
point where inking ,wheel 22 tests upon the 
chart and the intersection of the longitudinal 
axis of shaft 22 and the chart decreases spring 
2 turns pulleF 320 in a clockwise direction and 
-the output shaft 334 of the ground range receiver 
teletorque 30 will rotate in the opposite, direc- 
tion. 
. leferring fo Fig. 7, flxedly mounted upon out- 
put shaft 3 is disc 33 wtfich carries bracket 
338 and contact follet 34. ïhis follet acts upon 
disa 32 which is identical with the disc 190 and 
disc 2 controls £he action of follow-up motor 
34..in, the saine, manner that the action of 
follow-up motor 202 is controlled. The energiza- 
tion oi follow-up motor 4 as a result of the 
turning .of .the output .shaft, 33 of ground range 
receiver teletorque. 30 causes a rotation of the 
output.shaft 3,of follow-up motor 44. Worm 
34 is integral with shaft 34 and turns the worm 
gear .350 which is flxed upon shaft 352. The ro- 
tation of.this shaft,causes a rotation of the spur 
gear 54 which is fixed thereto and .ai the-saine 
 rime rotates control disc 32 until the follet 340 
is ,positioned. with respect to the sPlit segments 
carried by disc 2 .to stop follow-up motor 34. 
Tho rotation .of gear  at the same rime moves 
rack  5 .parallel to shaft 358. 
 If. will be seen that rack .5 is .aïxed to slide 
 30 by means of screws 32 and that the integral 
extension G of slide  is bored for the recep- 
tion of bearing.  which is,rotatably mounted 
within extension 3. Bearing G is adapted fo 
rotate with and slide along splined shaft . 
 A slot .G. is present in extension 4 and. 
 this slot is a rack ]0 in.which is pivotally 
mounted vertical stub shaft 32. ïhe upper end 
of st!art_ 372 is pivotally mounted in block 34 
which is adapted fo slide in _the groove 3 of 
limb 3.8 upon the other end of which is afiïxed 
,by means of screws 350 ttie gear 382. Gear 382 
is_suitably mounted so that its axis of rotation is 
coincident ai all rimes with vertical line 3. 
 : From the.preceding discussion if will be realized 
that,rack $,.slide 30 and. extension  can 
slide along splined shaft 3 so that the vertical 
axis] designated by line 3. may. be ruade coin- 
cident with £he ertical axis.3$¢. (The vertical 
axis.$ preferably intersects .the longitudinal 
axis of splined shaft ..) 
. A string  .enters block 3] at .a point co- 
incident with.the vertical axis 38 and is suitably 
tied in block 3]. This string runs along slot 3 
and .at the .point .where if reaches the vertical 
axis :3: if. turns upwardly toward the pulley $. 
Thestri_ng.winds around .and is fastened to tts 
pul}ey which is fixedly m0unted upon the input 
st2aft_ 39 .off. slant range.transmitting.teletorue 
-392. String 3 winds, around, and bas one end 
fastened fo small .pulley .39 ! :which is .affixed to 
pulley.. The .ot!er. end of_ this string is fas- 
 t.ençd )fo spring $94.whict in turn. is anchored.o 
any suitable _part ;39] :of the .housing of the 
inst.rument. 
7O - The distance from : the ..point vhere the. axis 
.2.4 .intersects he. long!udnal. axis -of sPlined 
_shaft:$6,..which pont is designated in Fig. 7 
as I, to the point where a plane through:the 
 vertical axis3 of ,shaft .3] .and perpeIdicular 
'fo Siin¢i S}ïaft-36S inteçe_-ttë 
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axis of the splined shaft, which point is desig- 
nated in ]ig. EE by the letter J, is assumed to 
be representative of the ground range as pre- 
viously defined. When the point J is coincident 
point i, ground range is assumed tobe zero 
and as point J moves to the leït in Fig.. 7 the 
ground range is assumed to increase. 
The distance ïrom axis 395 along string 399 
to axis 384 is representative of and proportional 
to target slant range. As ground range increases, 
target slant range also increases in this mechani- 
cal triangle. 
Bearing in mind the preceding structural and 
theoretical discussion, it will be understood that 
as the inking wheel 242 of the fighter recorder 
2{} increases its distance from the point upon the 
chart where the longitudinal axis oï shaït 252 
intersects the chart, the pulley 32{} and input 
shaft 322 oï ground range transmitting teletorque 
324, shown in Fig. 3, are rotated and consequently 
the output shaft 3{}4 of ground range receiver 
teletorque 338 shown in Fig. EE is rotated through 
the same angle and in the desired direction. As 
previously described the ïollow-up motor 344 is 
energized and its output shaït 348 turns in such 
a direction as to cause spur gear {}54 to rotate 
counterclockwise as seen in Fig. EE. The point 
J therefore increases its distance from the point 
I and at the same rime the distance between 
axes 384 and 385 is increased. String 388 is 
pulled to the left and downward resulting in a 
counterclockwise rotation oÏ the pulley 38{} and 
input shaït 390 of slant range transrnitting tele- 
torque 392. This teletorque, by means of the 
wires contained in cable 393, causes the output 
shaït of the slant range receiving teletorque 
398, shown in Fig. 2, to more through an equal 
angle and in the desired direction. This tele- 
torque governs a potentiometer follow-up unit 
in exactly the same manner described in the 
¢onsideration of azimutl, receiving teletorque 
298 and its potentiometer unit in unit 30{}. The 
potentiometer unit governed by slant range re- 
ceiving teletorque 3{}8 establishes an electrical 
value according to the assumed slant r=nge and 
this value is fed into the Sanborn equipment 
which then Ïunctions in cooperation with the 
radar apparatus to cause the range meter |9 £o 
indicate the assumed range represented by the 
position, of the output shaït of the range re- 
ceiver teletorque 396. However, to accomplish 
this result the radar operator must properly 
perlorm his tasks just as in the operation of the 
SCI520-B radar equipment in actual flight. 
Itis deemed unnecessary to explain in detail 
that as the assumed ground range decreases, 
ground range being represented by the distance 
between the point where inking wheel 242 rests 
on chart 24 and the point where the longitudinal 
axis of vertical shaÏt 252 intersects chart 24, 
the described elements operate to decrease the 
distance between axes 384 and 385 resulting in 
a lower reading oï the range meter |9. As the 
slant range changes, the size and intensity of the 
image on the screen |] changes. 
In addition to the Ïactor oÏ ground range which 
bas been shown to affect target slant range, the 
Ïactor oï altitude differential also affects target 
slant range. This can be seen by reïerence to 
Fig. i0 where itis evident that, ground range 
remaining constant, an increase in altitude diÏ- 
ference results in an increase in target slant 
range. 
Altitude differential is in part introduced b.,y 
the fighter altitude transmitter 459 in Fig. 1, 
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the detailed mechanism of which is shown in 
Fig. 6 which comprises a large metallic collapsible 
and expansible bellows 398 which is connected to 
the equalizer altitude tank 398a in Fig. 1 by 
5 means of connection 400. The construction and 
Ïunctioning of the altitude tank forms no part 
o.ï my invention except as combined with the 
novel ïeatures being described. In the pre- 
viously-mentioned U. S. Patent 2,099,857, the 
].0 altitude tank is designated |]] and it is sufficient 
ïor the purposes oï this application to state that 
the pressure within the altitude tank is varied 
according to the assumed altitude of the trainer, 
the higher the assumed altitude the lower the 
15 pressure within the tank. The pressure within 
the tank is responsive to two ïactors, namely, 
throttle setting and attitude oÏ the fuselage. 
When the throttle is open the pressure within 
the tank is ruade to decrease because the opening 
20 oï the throttle in a plane in actual fiight causes 
an increase in the altitude thereof. Similarly, 
when the fuselage is placed in a climbing posi- 
tion, the pressure within the tank is caùsed to 
decrease. A closing oï the throttle and the as- 
25 sumption of a diving attitude by the fuselage 
results in an increase in pressure within the tank. 
The pressure within the altitude tank is con- 
trolled by link 4{}0a, seen in Fig. 2A, through 
the conventional cHmb-dive valve assembly in 
30 the trainer ïuselage |2. 
Affixed to the upper end 0Ï bellows 398 is 
member 4{}2 which bas a slot 4{}4 and pin 40{} 
arranged to hold one end oÏ reciprocating arm 
408 which travels in a plurality oÏ rollers 4|0 
35 suitably attached to plate 4|2. To the other end 
oï arm 408 is affixed string 4|4 which travels in 
pulley 4|{} suitably held by shaft 4|8 which is 
carried by plate 4|2. The other end oï this 
string is affixed to one end oï tension spring 420, 
40 the other end of which is suitably attached to 
any fixed part 422 of the unit. 
A plate 424 is pivoted ai the point 42{} to a 
suitable part of the unit, and formed integrally 
with plate 424 is gear segment 428. A tension 
spring 430 is suitably attached to a corner of 
45 gear segment 424 as shown, the other end of 
this spring being attached to a fixed part 432 oï 
the unit. A shaÏt 434 is aiTzxed to slide 408 and 
bas mounted thereupon toward its outer end 
roller 436; and a spring 438 has one oÏ its ends 
50 attached to the extreme outer end oï shaft 434 
whfle its other end is suitably attached to abolt 
440 carried by plate 424. A plate 442 having a 
slòt 444 is suitably attached to the inside of plate 
424 by means of a pair oï bolt, nut and slot 
55 arrangements 446. 
Meshing with the gear segment 428 is pinion 
48 Ïormed integrally with shaft 450 held by 
bracket 42 attached fo plate 4|2. Fixedly 
mounted upon this shaït 40 is a large spur gear 
60 
454. The input shaft 456 of the flghter altitude 
transmitting teletorque 458 is connected to shaït 
450 ïor rotation therewith and teletorque trans- 
mitter 458 is connected by means oï the wires 
65 carried in cable 460 with fighter altitude receiver 
teletorque 462 shown in Fig. 7. 
Upon the output shaft 464 oï fighter altitude 
receiver teletorque 462 is carried a disc 466 which 
has. attached thereto an arm 468 carrying a 
ï0 roller .4]{} in the same manner as the teletorque 
recever- |8{} and associated parts shown in Fig. 4. 
A rotation 0ï the outPut shaft 4{}4 oï fighter 
altitude teletoque  receiYer moves follet 4]{} with 
respect-t0 disc 412 which bas a pair of split 
ï5 segments such as previously described, thereby 
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ehergizing reve2sible follow-up-motor 4"T4, caus- 
ing a rotation of its output shaït 416. A rotation 
o£ this shaït causes a rotation o£ .worm 418 
£ormed integrally therewith and worm gear 480 is 
there£ore driven, causing a rotation of the splined 
sha£t 365 upon which itis rigidly mounted. A 
rotation o£ this splined sha£t will cause amove- 
ment 0£ rack-810, the lower surface of-which 
comprises a pluraliy of teeth for coaetion with 
splined shaft-36-5. A rotatio.n 
will therefore move ïack 310 in slot 388 of eten- 
sion 364, and vertical stub shaft 312 and axis 
385 will be moved toward or away from.the point 
J which it will be recalled  is coincident-with 
the longitudinal axis of shaft 365. The distance 
frein point J te the axis 385 is representative of 
and proportional te the assumed difference in 
flghter and target altitudes. When axis 365 and 
point J are coincident the assumed altitude 
difference is zero. 
Referring .new te Fig. 6, a .reduction.in.the 
pressure within the altitude tank in the trainer 
which, as previously explained results frein.an 
increase .in the assumed altitude of the flghter 
12, causes a collapsing of bellows 896 and slide 
408 vill more downwards in Fig. 6. A movement 
in that direction will result in a.similar movement 
of;shaft 434 and relier 30. ,This roller coacting 
with arcuate slot 444 causes a counterclockwise 
pivotig of plate. 424 resulting in a. clockwise 
turning of pinion. 448, gear 454 and of-the input 
shaft 456 of fighter altitude transmitting tele- 
torque 458. The output shaft 64.of fighter 
altitude receiving teletorque 
Will therefore more in the desired.ldirection, 
resulting in an energization of follow-up motor 
414 Which-will turn in a directionto cause splined 
shft" 365 te more clockwise as seen. frein ifs 
left ondin Fig. T. Rack 30 will:therefore more 
te the right along slot 368 carrying with it stub 
shf 32, axis 85, block "314. and the unpivoted 
end of arm 3T8. Gear 382 will there!ore rotate 
about Vertical shaft384 rotating the gear' 482 
which meshes therëwith. This gear is rigidly 
affixed upon the input shaf[ 484 of elevation ar/gle 
transmitting teletorque"86 Which is connected 
bï means of the Wires in Cable 488 with the ele- 
ration angle receiving teletorque zgo associated 
witli the potentiometer unit 360, seen in Fig: 2. 
Elevation angle receiving teletorque 490 func- 
tions with respect te ifs potentiometer unit as 
preiously described in connection with the azi- 
mtith receivlng teletorque 298, also shovn in Fig. 
2 except, of course, the potentiometer in unit 
300 controlled by elevation angle receiver tele- 
torque 490 is connected te the Sanborn radar 
equipment te cause the position of the image 
.upon the radar indicating means in çhe trainer 
te-vary vertically. A-vertical change, as pre- 
 viously described," represents a change in the 
elevation angle frein the flghter fO the .target. 
.. Again,. it is deemed unneeessary te expls2n in 
 detail that an increase in the pressure within 
the altitude .tank results in an expansion of .bel- 
 iOWs 398 and as a result 'of the functioning of 
the previously-desc]bed elements in the reverse 
.directions an indication is produced upon' the 
scope-representative of a fesser elevatio[x angle 
frein the fighter, te the-target. 
The preceding explanation discloses-the man- 
ner. in which a change in the assumed altitude of 
the .flghter affectsthe radar indication. 
The' factor of target .elevation: is introduced 
.manually' by -the instructor by..the .means: dis- 
.closed-in"ivg.  7. Shown therein is. a .crank'492 
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which is connected through a gear train des- 
ignated generally 494 te a. flexible cable. 496. 
Upon the other end of this flexible cable is fl,xed 
pinion 498 Which, by means of a pair o.f gears 
5 designated 500, drives gear 592 which is affixed 
te the housing of fighter altitude  receiver tele- 
torque 462. A rotation of the housing of. this 
teletorque results .in a rotation of-the output 
shaft 464 of the receiver because in systems of 
10 this kind the output shaft of the .receiver tele- 
torque ai all rimes bears the saine relation-te 
its housing as the input shaft of the transmitting 
teletorque bears te its housing. A rotation .of 
thè :housing of the receiver therefore must result 
 15 ,in a rotation of the output shaft o.f .the receiver 
because the housing and input shaft of the trans- 
mitter are held stationary. The rotation of the 
output shaft 464 and roller. 10 acting with dise 
412 will energize follow-up motor T4 te rotate 
20 the splined shaft 865. Consequently, rack. 310 
will be moved in slot 368 carrying withit vertical 
shaft 312 and axis .385. 
Dial 594 is geared te crank 92 by.means of 
gearsdesignated generally 506 and by reference 
25 te this dial and a flxed pointer (net shown)- the 
instructor, may ascertain the assumed altitude 
of the target, which.he has introduced into the 
mechanism. 
As bas ..been described, £he .distance between 
30 the point I of Fig. V and the point J is a. all 
rimes poportional te the ground range. Point 
J is coincident.with the longitudinal axis of .shaft 
365 and therefore does net more with a movement 
of rack 310 in slot 368. The distance frein J te 
35 the longitudinal a,xis 385 of stub shaft T2.is at 
all-times proportional te the assumed altitude 
difference and this difference is the differential 
result of the altitude of the fighter as introduced 
automatically and the altitude o.f the target as 
'40 introduced manually. The mechanism.is con- 
nected se that an increase in the altitude moves 
axis 385 awaY frein point J-while anincrease in 
the fighter altitude moves axis 885 toward point 
J. It should be noticed that axis.. 385 may be 
45 mo.ved te either side of point .J, se the mecha- 
nism may indicate a positive or negative .target 
.elevation angle. Inasmuch .as the distance 
represents- ground range,..and the distance J- 
axis 385 represents altitude diïïerence, if: is clear 
5O that the distance frein axis-.885 te axis'38 
epresents target slant range. Also, the angle 
formed by the arm 318 and the splined shaft 
355 must be equal te the altitude angle. 
Such being the case, it is clear that as ground 
Z5 range is increased the distance frein axis 885 
te axis 384 likewise increases, se slant range 
increases. Also, as the altitude difference in- 
creases the difference frein the axis 8-5 te he 
axis 84 increases, and. slant range increases 
60 accordingly. (If the altitude difference is zero, 
the target, slant range is equal te the ground 
range.) 
As the distance frein the axis 385 te axis.38z 
65 increases, the input shaft 890 of the slant.range 
transmitting teletorque  392 is turned and by 
means of cable 893 the output shaft of slant 
range receiving teletorque 8S6 shown in Fig. 2 
is rotated te produce through the Sanb.orn and 
:70 radar equipment an increased indication, upon 
the range meter |9. An opposite indication re- 
sults when the input, factors are such as te 
cause a decreased target s]ant.range. 
!It bas been:stated that.the .angle between the 
5 .longi-ttdinal :axis of-. Splined shaft.36-5 .and the 
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arm 378 (or line from axis 335 to axis 354) is 
equal fo the altitude angle. As this angle in- 
creases or decreases as a result of changes in the 
magnitudes of ground range or altitude differ- 
ence, gear 382 is rotated proportionately causing 
a rotation of gear 482 and the input shaft 484 of 
elevation angle transmitting teletorque 
This teletorque is connected by cable 488 to e]e- 
vation angle receiving teletorque 90 (seen in 
Fig. 2) which actuates a potentiometer drive like 
that previously described. The potentiometer 
drive, through the saine intermediate means, 
changes the vertical position of the image on 
the C scope, to indicate that the target elevation 
angle has changed. This primary drive of ele- 
vation angle teletorque 456 therefore results in 
the vertical positioning of the image on the C 
scope in accordance with the altitude angle as 
determined by the mechanical triangle of Fig. 7. 
Means for combining this altitude angle with 
the pitching and banking of the trainer fuselage 
to produce elevation angle wfll be later described. 
Referring now to Fig. 6, it has been mentioned 
that plate 424 carries a pate 42 in which is 
formed an arcuate slot 4 and that as slide 
reciprocates follet 438 moving in slot 444 rotates 
plate 424 which causes a rotation of the input 
shaft 4'56 of the fighter altitude transmitter tele- 
torque 58. This slot 44 and non-circular gear 
segment 428 are provided to change the non- 
linear response of the bellows 398 to a change in 
the assumed altitude of the trainer to a linear 
rotation of the input shaft 450 of the fighter 
altitude transmitting teletorque 58. When the 
fighter 12 is at a low assumed altitude a change 
of, for example, 1000 ft. in its assumed altitude, 
results in a greater change in the pressure with- 
in the altitude tank (not shOwn) in the trainer 
fuselage, and consequently in a greater expan- 
sion or collapsing of bellaws 398 than occurs 
when the trainer is assumed fo be fiying ai a 
higher altitude and a change of 1000 feet in alti- 
tude occurs. In the use of real radar equipment 
in a plane, a change of 1000 feet in the altitude 
of the plane carrying the radar equipment, other 
factors being constant, will produce a given 
change in the elevation angle as seen on the 
screen. It is immaterial whether the plane is 
fiying at 10,000 feet or 30,000 feet when the 
change occurs. In order that the mechanism of 
my invention function properly it is clear that 
for a change of a given amount in the altitude 
of the trainer, the input shaft 458 of the fighter 
altitude teletorque transmitter must rotate 
through the saine angle regardless of whether 
the fighter is assumed to be fiying at a high or 
low altitude, so that the image on the screen 
will properly more to refiect the change in ele- 
vation angle. Therefore, the slot 444 and non- 
circular gear segment 428 are used. 
Aiso shown in Fig. 6 is a telegon transmitter 
588 having a central shaft 5. which is coupled 
by a pair of magnets 512 to a shaït 54 which 
has a pinion 56 that meshes with gear 
This telegon transmitter is known as the altitude 
telegon transmitter and is connected by means 
of the wires contained in cable 5! to a telegon 
receiver which drives the altLmeter (not shown) 
in the fighter  as well as the altimeter 
positioned near the table 22 as seen in. Fig. 1. 
The telegon system of instrument actuation is 
well known in the field of aviation training. 
asmuch as the functioning of the telegon instrur 
ments is substantially the saine in all respects 
as the functioning of a teletorque system, ex- 
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plained hereinbefore, a detailed explanation of 
this system is hot deemed necessary. 
Vertical speed indicator 59 shown in Fig. 1 
functions substantially as described in United 
5 States Patent 2,099,857. 
Means ]or correcting altitude ,ang'e accordingl to 
pitchig ,and baking to progue elevation agle 
Target altitude angle bas been defined as the 
10 angle between the horizontal plane through the 
fighter and the line of sight from the fighter fo 
the target. 
Target elevation angle bas been defined as the 
angle between the plane through the lateral and 
15 longitudinal axes of the fighter and the line of 
sight from the fighter to the target. 
A comparison of these two defirdtions shows 
that when the plane through the longitudinal and 
lateral axes of the fighter is horizontal, target 
20 altitude angle equals target elevation angle. 
Itowever, when the plane through the lateral and 
longitudinal axes of the fhter departs from the 
horizontal, target elevation angle may hot equal 
target altitude angle. The magnitude of the 
25 difference between target elevation angle and 
target altitude angle caused by a departure from 
the horizontal of the plane through the lateral 
and longitudinal axes of the fighter depends upon 
the azimuth of the target, the altitude angle and 
30 also upon whether the departure of the lateral 
and longitudinal axes of the fighter from the hor- 
izontal plane is cased by a banking or a pitch- 
ing of the fighter. 
Specifically, let us assume that the altitude of 
35 the fighter and target are the saine and that the 
fighter is fiying directly along the line of sight 
from the fighter to the target. The altitude angle 
is equal to zero. If the fighter assumes a diving 
position, it is clear that the target elevation angle 
40 has become a positive quantity because there then 
is a positive angle between the Plane through the 
lateral and longitudinal axes .of the fighter and 
the line of sight from the fighter to the target. 
On the other hand, if under the saine assumed 
45 .conditions the fighter assumes a climbing atti- 
tude, a negative target elevation angle is pro- 
duced. It is clear that under these assumed con- 
ditions the magnitude of the target elevation 
alle is equal to the number of degrees of move- 
50 ment of the fighter about its transverse axis. 
If the assumed conditions are changed only in 
that the altitude of the target is assumed to be 
different from that of the fighter, the saine re- 
sults occur when the fighter dives or climbs. 
55 Itowever, regardless of whether the altitude of 
the target and fighter are equal if the fighter is 
fiying directly along the line of sight fo the 
target, a banking of the fighter through a given 
angles does hot cause target elevation angle to 
60 differ from target altitude angle. Itowever, if the 
altitude of the target is equal or not equal to the 
altitude of the fighter, and the fighter is fiying 
along a vertical plane through the target and 
fighter, but hot fiying along the line of sight, a 
.65 banking of the fighter does cause the eleva- 
tion angle to differ from the altitude angle, but 
for a given number of degrees of bank the chane 
is hot as great as when the fighter is pitched 
about its transverse axis through the saine num- 
0 ber of degrees. 
Ail of the preceding conditions are also true 
when the fighter is fiying directiy away from the 
target, that is, the azimuth of the target is 180 °. 
 Itowever, assuming that the elevation of the 
5 target and of the fighter to be equal and the 
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azimuth of the target is 90 °, left or right, when 
this situation prevails a banking of the fighter 
causes the target elevation angle to differ from 
the target altitude angle by an amount equal to 
the number of degrees that the fighter is banked 
about its longitudinal axis. However, under these 
conditions a climbing or diving of the fighter 
through a given angle will hot cause target ele- 
vation angle to differ from target altitude angle. 
If the azimuth is 90 ° and the target and fighter 
elevations are hot equal, a banking of the fighter 
changes elevation angle by an amount equal to 
the degree of bank. A diving or climbingof the 
fighter, however, changes the elevation angle but 
hot by-as much as the angle of bank of the 
fighter. 
Itis deemed unnecessary fo explain in detail 
that when the azimuth of the target is interme- 
diate any of the previously discussed values, the 
amount of the difference between altitude angle 
and- elevation angle as a result of the pitching 
andbanking of the fighter varies according fo the 
previously laid down rules. As azimuth ap- 
proaches zero or 180 °, the effect of pitch upon 
targët elevation angle increases while the effect 
of-bank decreases; as azimuth approaches 90 °, 
left or right, the effect of bank upon target ele- 
ration angles increases while the effect of pitch 
decreases. 
It should perhaps be noted that target eleva- 
tion.angle :can actually hange, by definition from 
90 degrees negative to 90 degrees positive, and 
that. azimuth can similarly change from 'zero 
degrees to 130 degrees left or right. However, 
the type of radar equipment mentioned above 
produces an image on the screen only when the 
azimuth and elevation angles are within the pre- 
determined limits shown in Fig. 8: But the inven- 
tion of this application, as stated before, is hot 
limitedto use with any particular type of radar 
equipment or radar indicating means. 
1V_eans ill now be disclosed for changing alti- 
tude angle according to azimuth and the pitcli- 
ing and banking of the fuselage-to produce tar- 
get elevation angle. 
leferring to Fig: 7, if will be recalled that the 
angular position of arm 378 about the vertical 
axis 384 is equal at all rimes fo the altitude angle 
as a result of the ïunctioning of the mechanical 
triangle, disclosed in Fig. 7. Thisangular more- 
ment in .turn is imparted o the input shaf 484 
of the elevation angle teletorquetransmitter 
The means for modifying the effect of the angu- 
lar input oï shaft 484 according to.the climbing 
and diving of the lïghter 2 are primarily shown 
in Figs. 1, 2 and 5. leferring to Fig. 2, there is 
dsc!osed a bracket 52} afiïxed fo the under side 
of the bottom 7}of the fighter fuselage 2. A 
vertical link 22-has its upper end pivotally at- 
tcled o this bracket and ifs lower end to the 
front end of the bell crank 24«- This bell .crank 
is tivotally attached to-shaït 
pivotally-mounted lever 523, the other end of 
shaït 52 being pivotally carried by fixed bracket 
53. To the lower end of bell crank 24 is pivot- 
ally attached link 2 which extends along the 
longitudinal axis of the 'fighter 2 through octa- 
gon 5 and attaches to the outer end of crank 534. 
Bracket -2 is attached to the bottom 78 of 
fighter  - ata point to one side of universal joint 
3 and along the transverse axis of the fuselage. 
Therefore, whenever the fuselage is banked, for 
example, te the left, bracket 52} goes clown, push- 
ing down the end of bell rank 5  to which itis 
attached. This causes the other end of this bell 
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crank fo-more toward the rear, thereby moving 
link 532 .in the samè direction. 
On the other hand, a banking of the trainer 
to the-right will result in a movement of link 532 
5 toward the head oï fighter  2. 
Still referring fo Fïg. 2,if will be seen that an- 
other bracket 535 ïs attached to the bott0m  
of fuselage 2, this bracket being attached at a- 
point ahead of universal joint 3 and along the: 
10 longitudinal axis of fighter 2. Attached t0 this 
bracket is a link '538 the lower end oï Which is 
pivotally attached fo arm 54{} which is rlgidly 
mounted upon shaft 542 which is held by braeket 
4: ligidly afiïxed upon the other end of shaft 
]5 42 is arm 5, to the upper end of which is 
pivotally connected link 545. The otherend of 
this link is pivotally cormected to the upper end 
of lever 28 which is. pivotally mounted upo n 
shaft 526and fo the lower end of lever 528is 
20piv0tally connected link 5. This link likewise 
extends longitudinally of fighter 2, passes 
through octagon 5 and enters the attitude cor: 
 rection unit 26 af the rear of fighter  2. 
When the fighter 2 is placed in a diving.pesi: 
25 tion link 538 is forced downwardly as is the fore- 
most end of arm 541}. Shaf 542 therefore rotdtês 
in a counterclockwise direction as Seen from the 
left in Fig. 2 and the upper end of arm 545 moves 
toward the head.of the fighter: Link 545 there:e 
30 fore moves in the saine direction as does the. 
upper endof arm 528: The lower end of arm-528 
and.link-54:therefore move töward the rear 
lïghter  2. 
onthe other hand, a climbing of fighter 2 will 
35  cause link 54to move toward the head-of 
fighter  2. 
Referring now to Fig. 5 which shows the dé: 
tailed construction of the attitude take-offunit 
designated in Figs. 1 and 2 by .257, if .will be seen 
46 that link 532 which moves to the.left in Fig. 5 
in response fo a banking_of fighter 2 to the left  
has its rear end pivotally connected to crank 
which is  suitably pivoted 'about the point 
ligidly held by the other end of this crank is 
45 vertical pin 4,:the lower end of whi.ch rides in 
the groove of pulley 556 whichis rigidly attached 
to bracket 58. Pulley 555 and bracket 58 are 
fee t0 slide' al6ng shaft 55} which rotates within 
members 555 and 8. This shaft bas ifs left end 
suitab!y rotatably mounted in the housing of tl=i 
unit.- Pivotally attached within the end of brack- 
et--58 is a curved link 52 which has i other 
endpivotally connected to yoke 554 Which bas it. 
" ends alîïxed to inner gimbal 565 as shown. Link 
55 52 is curved to provide .clearance for the move- 
ments of gimbal 56, as will be later seen. Gim- 
bal  56 is rigidly afiïxed fo pivots 558 Which bave. 
their other ends rotatably mounted within a large 
er outside gmbal 5}. Gimbal 57} in turn is 
60 rgidly attached atone point 'to shaft 55{} and 
is rigidly attached directly across therefrom 
shaït 572 which has its other end suitably rotat- 
ably mounted-ina fixed member (not shown). 
The previously introduced shaft 288 bas its rer 
65 end serrated to drive pinion 574 which is rigidly 
afiîxed to the  input shaft 576 of elevation angle 
correcting teletorque 58. Torsion spring 
s suitably mounted uPon the rear of teletorque 
578 te bias pinion 574 in a counterclockwisedi- 
7O rection as seen in Fig.- 5. Teletorque transmitter. 
8 is connected by means of the wires contained 
in cable $2 t9 the elevation angle correction 
ceiving teletorque 584, shown in Fig. 7. 
It bas been stated that gear 285 is rotatably. 
75 mounted upon shaft 288 and it will be seen 
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that.affixed to gear 2 by.means of screws 56 
is bracket 58. Pivotally meunted within the 
recess 59{} in the fore end of bracket 598is shaft 
592 which has mounted upon one end a follet 594 
which is adapted to roil along the. track 595 
formed in the interior of inner gimbal 55G. The 
oher end of shaft 592 is in the form.bf a yoke 
598 which surrounds, a turned down part of shaft 
298 and presses against head G09 fomed integrál- 
ly.with shaft 235. Spring 58{} tends to move shaft 
29_8 to the left as seen in Fig. 5 and, therefore, 
roiler 594 at ail rimes engages track 595. 
Link 548 which, it wi]i be recailed, moves to the 
left in Fig. 5 whenever the fighter |2 is dived, has 
its rear end plvotaily attached to arm 02 which 
is rigidly.mounted upon shaft 5{}{}. 
if will be recailed that shaft 3|0 rotates in re- 
sponse, to a turnng of fighter  2 about its vertical 
axes and that this shaft, by means of gear 32, 
rotates gear 34 which is affixed to the housing 
3{} of differential 290. The rotation of gear 34 
as a result of the rotation of shaft 30 therefore 
causes a rotation of shaft 22 which is the output 
shaft of differential 290. A rotation of gear 284 
rotates gear 29. This results in amovement of 
bracke 538 around shaft 288 and, therefore, 
roiler {}94 moves around track 59{} formed on the 
insite Of gimbal {}{}{}. Inasmlch as the output 
of azimuth differential 28{} is responsive to azi- 
niuth, ' as defmed, which .output is the combina- 
tionf .tÇrget compass bearing and fighter head- 
ing, it is clear that follet 594 is at ail rimes posi- 
tioned around track 59@ in accordance with the 
factor of azimuth. For a change of fighter head- 
ing or trget compass heading of a given number 
of degrees roiler {}94 moves around track 59{} 
through the saine number of degrees and in the 
correct direction. 
A.diving or climbing of fighter |2,therefore, 
bF means, of link 548/ arm {}02 and shaft 5{}G 
causes a pivoting of outside gimbal 5{} about 
points coincident with the longitudinal axis of 
shaft 5{}9. A banking of the trainer fuselage 
causes, by means of link- 53, bell crank 534, 
puiley 55{}-and bracket 558,- link 5{} and yoke 
5{}4, a pivoting of inside gimbal 5{}{} about points 
coincident with the longitudinal axes of pins 5{}9. 
Assuming that as a result of the turning of 
fighter 2, roiler 594 is positioned as shown in 
Fig 5» which position places the axis of rotation 
of roiler {}94 coincident with the axis of shaft 
5ç8, if the trainerbanks to the left link. 5 wiil 
move to the rear as will the end of bell crank 534 
to which itis atached. By means of the inter- 
mediate connecting elements link 5{} wiil move 
to the left as seen in iig. 5 and inside gimbal 5{}6 
will be ròtated counterclockwise as seen from 
above. Thi gimbal wiil therefore tend to move 
away from fol!er 594 but the action of spring 588 
moving link 99 to the rear and causing follet 
594 to move toward the front will maintain con- 
tactbetween the follet and the track 596. The 
lnovement to the left in Fig. 5 of shaft 88 wiil 
therefore rotate the input shaft {}G of elevation 
anglê Correcting teletorque 58 and, therefore, 
the outputshaft {}{}4 of elevation angle correction 
receiving teletorque 594 seen in Fig. 7 will move 
in the desired direction through the saine angle. 
igidlyafiïxed upon the output shaft {}{}4 of the 
recei-¢ing teletorque is gear {}{}{} which meshes 
witl] gear {}8 which carries an arm  {} and con- 
tact follet {}  2 which coacts with control disc 6  4 
which is similar to the previously-described disc 
90. The movement of roiler {}2 across the disc 
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{} 14 energizes follow-up motor {} I {} in the previ- 
eusly-described maer and the output shaft 618 
o the moto is-rotated. Bevel gears {}20 and 
22 re thereforè rotated as is gear 624 which 
5 lneshes with the gear {}2{} integral with disc 
The rotation of-this disc in tum] rotates gear 
G29 which is rigidly affixed to the housing of ele- 
vation angle transmitting teletorque 4{}. The 
rotation of the housing of tl]e tïansmitting tele- 
10 torque 4{}{} will resul, in a rotation through an 
equal angle of the .output Shaft of the receiving 
teletorque 490 shown in æi. 2, and therefore, the 
vertical position of the image on the C scope vfll 
be appropriately changed in a.ccordance with the 
13 magnitude of the rotation of the teletorqueshaft. 
With the mechanism positioned as seen in Fig. 
5, assuming that the trainer banks in the opposite 
direction, that is, to the right,, i is clear that link 
5{}2 wfll move to the right and that irmer gimbal 
20 SG{} will .pivot clockwise as seen from above. 
loiler 5-4 wili therefore be pushed to the rear 
and shaft -8{} wiil move ahead against the action 
of spring .5. Pinion 74 will therefore rotate 
clockwise and the input shaft 57{} of elevation 
25 angle lc0rrection transmitting teletorque 58 wiil 
therefore move in the saine direction. The out- 
put shaft {}04 of elevation angle correction 
ceiving teletorque {}84, shown in Fig. 7 to which 
reference is now ruade, will therefore move in the 
30 correct direction, foilow-up motor G.J {} wfll be en- 
ergized to turn in the opposite direction and the 
housing-of elevation angle tl'ansmitting tele- 
torque wiil. be rotated in the opposite direction 
through the correct angle. Also, the output 
35 shaft of elevation angle receiving teletorque 49{} 
shown in Fig. 2 wiil be moved in the opposite di- 
rection and the image on the scope wiil again be 
appropriately moved, this rime in the opposite 
direction from which it was .moved when the 
49 trainer was banked to the left. 
Assuming that roiler 594 were in any position 
other than that shown in Fig. 5 except 189 ° 
from. the position shown it is clear that the 
rotation )f inner gimbal 5{} in response to a 
45 'banking of fighter I .would hot move the roiler 
as much and therefore the pr.eviously described 
elements .which move in response to the action 
of the roiler :would also respond to a lesser ex- 
tent. As roller 594 moves toward the uppermost 
59 or lowermost position along track 59 a rotation 
of the inner gimbal 5{}{} produces a lesser effect in 
response to a banking of fighter I until when 
the roiler is at the uppermost or lowermost posi- 
tion.a banking of the fighter 12 would hot move 
55 the roiler at ail. Consequently as the roiler 
moves as just described the effect of bank de- 
creases as the follet approaches the uppermost 
or lowermost positions in track 59{}. 
Bearing in mind the theoretical description 
60 which has been .given, roiler 94 must occupy 
the position shown in ig. 5 when the azimuth 
of the. target is 99 ° teft or right because when 
target azimuth is 99 ° left or right, oank affects 
altitude angle .by a maximum amount to prod.uce 
65 target elevation angle. Also, when azimuth is 
zero or 180 ° roiler 594 must be at the upper- 
most or lowermost position along track 59{} be- 
cause at those azimuths bank alters altitude an- 
gle ïoy a minimum amount. Actuaily, roiler 594 
70 is positioned as shown in Fig. 5 when azimuth is 
90 ° right. When the fighter is banked to the 
left, the specific arrangement is such that the 
image on the C scope I moves downwardly, ho- 
cause under these conditions elevation angle de- 
75 
creases when a plane is banked to the left. When 
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azirauth is 90 °` leït, the--ïolleï 594- is. positioned 
180 ° fïora, the positionshown, in Fig, 5 and .then  
a banking of fighter   2 -to., the left . ca,uses , the 
image-on scope  fo more .up,, The- effect of 
ïight bank upon fighteï 2 pïoduces opposite 
raovements of the image-on4he C scope,  azimuth 
remaining, the same.-. As,azirauth changes fïom  
90 , left -or ïight- toward - Oor 180 ° the- effect of 
bankiing. OElpon e]evat-ion :angle  decreasesc- This 
generally ,simulates the ,,effect of -banking. upon 
targeelevation, angle 4nïeat flight. 
Assuming.that he raechanism occupies, the 
posi-tion shown in Fig: 5,.a diving of the traineï 
wfll cause link 8-to more.fo the:ïear and the 
0otom of  arm-62 moves inthe-same diïection 15 
Shaft  6  ïotates in. a . clockwise diïecionas seen 
frora the ïight in Fig 5 and.outside gimbal 
as-well as inside-gimbl 5 rotate clockwise as 
seenfrom the right in Fig: 5 about the axis of 
shaft ,. Inasmuch, as the axis of-rotation 
fo!let-9 is-coincident ,with the axis-of-rotation 
it is:clear that..shaft 23 wfllnot b moved nd, 
theïefïe, no- coïrection -will::be applied to the 
altitude mechanism shown in Fig. 7.- Therefoïe, 
the mechanism,shown4nFig. 5 app]ies-no correc- 
tion to the altitude angle as a ïesult of a diving . 
of -fighter -  2 when, the apparatus is positioned 
as -shown in Fig,., 5.- This- conforms -generally fo 
thé, theoïetical- discussion  pïeviOusly, given 
wherein if was pointed out-that ,whenazimuth 30, 
is equat fo 90 ° left or right,.pitchhas a minimum 
effecç upon e]evati0n angle.  - 
A, climbing of  fighter -  2,-- n the otherïhnd;- 
wfll produce-the,sarne result. Also/if.ïol!r9  

Summary 
In the foïegoing detailed ' descïipt4on means 
bave been disclosed for, causing ïadar indicating 
equipment in a gïounded aviation tïaineï fo in- 
dicate the azimuth, taïget elevation angle and- 
slant ïange ïrom.-the -asumed position-, of a 
fighter ïepïesented'by the grounded aviatïon 
tïainer With ïespect to an assumed target: Real ' 
radar propagating means are not necessaïy.and, 
as pïeviously explained, only a part-of tte radar 
equipment caïïied by planes is used with ray 
invention; 
The means of my invention include a pair, of 
recoïdeïs whose positions upon a chaït repïesent 
the respective positions of a fighteï and target. 
The distance between these two ïecoïders is as- 
sumed fo be propoïtional fo the gïound range 
and means are pïovided for varying one sidè of " 
a mechanical triangle accoïding fo flhe distance 
between the two recoïdeïs. A factor pïopor- 
tional fo the assumed altitude of the fighteï is 
fed into an electïical differential while the as  
suraed altitude of the .taïget is raanually ,intro- 
duced into the saine diffeïential. The output of 
this diffeïential which is propoïtional fo the as- 
sumed altitude difference determines the magni-, 
rude of a second gide :of the mechanical triangle.. 
The thirdside is theïefore propoïtional fo the 
slant range and by means of a suitabte transmit - 
:ting system a potentiometer is positionedin . 
accoïdance with the  magnitude of the slant 
range as ,deteïmined-by the mechanical-.-triangle: 
Throhgh the Sanboïnecho simulating equipment - 
and-the  parts of ïea] radar-apparatus as ex- 

were!80°-ïrom its :illustrated positionthe.same-35-plgined. above-the range meter of-the radar-in-. 
result- would-, agairi be  realized. However, as  dicating equipment in the- trainer indicates the : 

roller 59 movestoward theuppermost or lower- 
most positions alog track--3S a. climbing or 
diving of fihter  2 produces  a- greater more- 
ment of./roller .94, and consequently a larger 
correction fo the. elevation angle. When the 
follet is at the uppermost or lowermost position, 
the maximum correction is applied in accordance 
with the r.ulethat climbing and diving produces 
a maximum change in elevation angle when azi- 
muth is equal fo 0 or 180 °. 
From the .foregoing discussio it vill be real- 
ized that the double gimba! ring arrangement in 
Fig. 5 provides means for correcting target ali- 
tude angle in response, fo a ï0anking,-c!imbing or 
diving, of .the fighter-. [2 ..to produce target eleva- 
tion angle,- and that the magnitude of. the cor- 
rection depends :upon azimuth and-whether the 
lighter is -banked :or 'c!imbed- -in.-simulation of 
the general-effects of-climbing; diving  and-bank- 
ing under- various circumstances- of azimuth oï 
a- real radar equipped plane- in-.actual flight. 
The image upon-the C scope is therefore moved 
in simulation of th indications of radar means 
carried by a plane in actual, liight in response 
fo banking, climbing and di-ing of. the plane 
under diffrent conditions of. azimuth. 
Seen in Fig. 1 are an azimuth indicator 525, 
a iarget eldvati0n angle indibatdr 5- and a rÇnge 
meter 527 suitably housed in box 52a carried 
by supports 2/. These indicators may be prop- 
erly connected directly to the output shafts of 
the teletorques which drive the potentiometers 
in unit 35fi. They comp..rise merelya-hand and 
dial and are provided-fo indicate to the instric- 
for the assumed azimuth, e]evation angle and 
range as determined ï0y the previously-described 
invention. 

slantrange upon correct manipulation by. the- 
radar :operator. 
The angle which-the side of.theÇmechanical  
40, triangle.representative of slant range.makes with  
the side .representative of ground range is intro- 
duced into .a second--electrical differential as 
the--basic, comp0nent of target elevation  angle. 
Means-are provided whereby-this .basic compo- 
45 nenf may be modified, in accordance 
azimuth; banking, diving,-and climbing, of the 
fighter to. provide-a corrective factor whicl is 
piied--to the-target altitude angle to .produce 1. 
target elevation angle. , This movement-is used 
50 todrive a potentiometer which by, means of the 
Sanborn equipment-and certain ,parts of real 
radar equipment causes the image upon the scope 
fo .'azy-according to.the assulned target .eleva- 
tion. ,angle. 
55 An. azimuth differentia]- is provided and ,into 
one,side of this differential is i]troduced a more- 
 ment representative of the angle between a line 
connecting..the two. rec0rders and northc Into 
the secondar.y side of this-differential..is intro- 
0 duced-a movement representative of.the-heading 
. of-the-fighter, theloutlut of this differential being- 
representative of azimuth. The output of 1 this 
differential is used to actuate a .third-potentiom 
eter.which, through the Sanborn .equipment and 
65 cor.tain parts of the:real.radar equipment cause- 
the. image upon the sc0Pe .in the fighter fo be 
positioned in accorda]ce with the assumed taget 
azimuth. 
It is apparent .that the shown preïerred em- 
ï0 bodiment of myinvention, may be modified fo a 
great extent without departing, from the .spirit 
thereof and, further that my invention is ap, 
plicable fo many situations other, than the inter-. 
ception, of an assumed .trget. For example 
75 many parts of tuF. invention may be 



31 

2..602243 

32 

teaching of students fo navigate with respect fo 
a radar beacon or beacons, or with respect fo 
other navigational guides such as radio stations, 
landscapes as well as moving navigational guides, 
such as aircraft whose interception is being at- 
tempted. Also, my invention may be used in con- 
junction with types of simulators and radar 
equipment other than those mentioned herein. 
I claire: 
1. A training device comprising in. combina- 
tion a grounded trainer mounted upon a uni- 
versal support for turning, pitching and banking; 
operating means associated with said trainer, 
controllable by a student therein, for causing 
said trainer fo turn, pitch and bank; a target- 
image receiving device in said trainer including 
a screen positioned for viewing by the student; 
a movable target simulator device separate from 
said trainer and means under the control of an 
instructor for moving said target simulator de- 
vice as to direction and forward speed; means 
operatively connected fo said target simulator for 
transmitting impulses fo said target-image re- 
ceiving device in accordance with the movements 
of said target simulator; and means in said re- 
ceiving device for translating said impulses into 
a target image on said screen and for varying the 
position of the image on the screen in accord- 
ance with the movements of said target simulator 
as determined by said instructor. 
2. A training device comprising in combina- 
tion a grounded trainer mounted upon a uni- 
versal support for turning, pitching and banking; 
operating means associated with said trainer and 
controllable by a student therein for causing said 
trainer fo turn, pitch and bank; a target-image 
receiving device in said trainer including a screen 
positioned for viewing by the student; a movable 
flight simulating device connected with said 
trainer; means for moving said flight simulating 
device in accordance with the heading and as- 
sumed speed of said trainer; connecting means 
between said flight simulating device and said 
target-image receiving device for transmitting 
impulses fo said target-image receiving device in 
accordance with the movements of said flight 
simulating device; and means in said receiving 
device for translating said impulses into a target- 
image on said screen and for varying the posi- 
tion of the image on the screen in accordance 
with the movements of said flight simulating de- 
vice. 
3. A tr«ining device comprising the combina- 
tion of a grounded trainer mounted upon a uni- 
versal support for turning, pitching and banking; 
operating means associated with said trainer 
controllable by a student therein for causing said 
trainer to turn, pitch and bank; a taïget-image 
receiving device in said trainer including a screen 
positioned for viewing by the student; a flight 
simulating device connected with said trainer; 
means for moving said flight simulating device 
in accordance with the heading and assumed 
speed of said trainer; a movable target simulator 
device separate from said trainer and means 
under the control of an instructor for moving said 
target simulator device as to.direction and for- 
ward speed; connecting means between said 
flight simulating device and said target simu- 
lator; means operatively connected to said con- 
necting means for transmitting impulses fo said 
taïget image receiving device in accordance with 
the movements of said flight simulating device 
and said target simulator; and means in said 
taxget-image receiving device for translating said 

impulses into a target-image on said screen and 
for varying the position of the image on the 
screen in accordance with the movements oï said 
flight simulating device end said target simu- 
5 lator. 
4. A training device comprising the combina- 
tion of a grounded trainer mounted upon a uni- 
versal support for turning, pitching and banking; 
operating means associated with said trainer con- 
10 trollable by a student therein for causing said 
trainer fo turn, pitch and bank; a target-image 
receiving device in said trainer including a screen 
positioned for viewing by the student; a flight 
simulating device connected with said trainer; 
15 means ïor moving said flight simulating device 
in accordance with the heading and assumed 
speed of said trainer; a target simulator device 
separate ïrom said trainer; connecting means be- 
tween said flight simulating device and said far- 
20 get simulator; means operatively connected fo 
said connecting means ïor tr«nsmitting impulses 
fo said target image receiving device in accord- 
ance with the movements of said flight simulating 
device relative fo said target simulator; and 
25 means in said target-image receiving device for 
translating said impulses into target-image on 
said screen and for varying the position of the 
image on the screen in accordance With the more- 
ments of said flight simulating device relative fo 
30 said target simulator. 
5. A training device comprising in combina- 
tion a grounded trainer mounted upon a uni- 
versal support for pitching end banking with re- 
spect fo a stationary base; operating means 
35 sociated with said trainer controllable by a stu- 
dent therein for causing said trainer fo so pitch 
and bank; a target-image receiving device in said 
trainer including a screen positioned for viewing 
by the student; impulse transmitting means; 
40 means operated by the pitching and banking 
said trainer ïor causing said impulse transmitting 
means fo transmit impulses fo said target-image 
receiving device in response fo the pitching and 
banking oï said trainer; and means in said target- 
45 image receiving device for translating said 
pulses into a target image on said screen and for 
varying the position of the image on the screen in 
accordance with the pitching and banking more- 
ments oï said trainer relative fo said stationary 
50 base. 
6. A training device comprising in combination 
a grounded trainer mounted upon a universal 
support for pitching and.banking with respe_ ct fo 
a stationary base; operating means associated 
55 with said trainer controllable by a student there- 
in ïor causing said freiner fo so pitch and bank; 
a target-image receiving device in said trainer 
including a screen positioned for viewing by the 
student; image positioning means in said target- 
6o image receiving device responsive fo impulses re- 
ceived for moving a target-image in a direction to 
indicate a ch«nge in the assumed elevation angle 
of a target from said trainer; impulse trans- 
mitting means connected fo said target image 
65 positioning means; and means operated by the 
pitching and banking of said trainer and con- 
nected fo said impulse transmitting means for 
causing said impulse transmitting means to 
transmit impulses fo said image positioning 
7O means in accordance with the pitching and bank- 
ing positions of said trainer. 
7. A training device comprising in combination 
a grounded trainer mounted upon a universal 
support for turning, pitching and banking; op- 
75 erating means associated with said trainer cors- 
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trollable by a student therein .for causing said 
trainer to turn, pitch and ibank; a .target-image 
receiving device in said trainer including a screen 
positioned for viewing by.the student; image po- 
sitioning means in said target-image receiving 
device responsive to impulses received for moing 
a target-image in a direction to indicate a 
change in the assumedelevation angle.of « arget 
from said trainer; a flight simulating .device con- 
nected to said trainer and means for moving 
said device in accordance with the heading and 
assumed speedof said trainer; -impulse transrnit- 
ring means connected with sid target-image po- 
sitioning means;-and means operated by the 
movements of said flight simulating device and 
cormected fo _said impulse ,transmitting means 
for causing said means fo transmit impulses to 
said image çositioningmeans in accordance with 
the movements of said iïight simulating device. 
8. A training .device comprising in :combina- 
tion a grounded-support having .a-seat for a .stu- 
dent; means in said support simulatiug the turn- 
ing controls of a real airplane, said means being 
arranged to be manipulated by a student -in said 
seat; an indicator, carried bY said support-and 
including a screen positioned for viewing by the 
student for indicating :the-assumed position of 
a navigational guide; a mo.vable-flight simulating 
device connected fo saidsupport and operatively 
responsive fo the-movements .Qf said simulated 
turning control .means; eonnecting :means 
tween said .flight simulating device and said in- 
dicator for transmitting impulses-to said indi- 
cator in accordance with the .movements of said 
flight simulating devic; and me,ans in said indi- 
cator for translating said impulses into animage 
on sid screen and for varying the position 
the image on the screen in accordance with the 
movements of said flight simulatin device. 
9. A trainin device comprisingin combination 
a grounded support having a seat ïor a .student; 
means in said support simulating the dtrectional 
contrls of a real airplane, .said means being 
arranged tobe manipulated-by .astudent in said 
set; a target image zeceivin. devici in .s«id 
trainer including ascreen positiondoEor iewing 
by a student; a flight Simulating deice con- 
nected to said support ant operative!y respon- 
sire to the movements Of said simulated direc- 
-torml control means; .a movable .taçget simulator 
device separate from said .support and-moins 
under the control of an instructor formoving said 
target simulator device as to .direction and ïor- 
ward speed; connecting .means between said 
.flight simulating device and said target simula- 
tor; means oporativè!y connected to said con- 
necting means for transmitting .impulses .to said 
target image receiving device in aciordance vith 
he movements of said .flight simulating device 
and said tarder simulator; and means dn said 
target-image receiving device for translating 
said .lmpulses into a target-image on said screen 
and for varying the position .o theimage onthe 
screen in «ccordance with the movements of 
said-flight simulating deVice-and said 'target 
simulator. 
10. A training device comprising the combina- 
tion of agrounded support having a seat for a 
student; means in said-support simulatingthe 
directional controls of- arealairplane, said.means 
being-arranged-to-be manipulated-.bF a student 
in said seat; a target image-receivng-device car- 
ried bF-sid support .and including a- sereen -PO- 
sitioned -for viewing ïbF a -student; -a mov«ble 
"flight simulating device connected-.to said sup- 
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port and operativily respQnsive :to the movemeuts 
of _said simulated directionnel control me.ans; a 
target simulator deice separate r0m .aid 
trainer; connecting means between said flight 
5 simulating device and said targe simulator; 
 means operatively connected to said connecting 
-means for transmitting impulses to-said .arget 
image receiving device in accordance vith the 
movements of said flight simula£ing device rela- 
lO tire to said target simulator; and means in,said 
target-image receiving device or £ranslating said 
flnpulses into a targetimage on .said screen,and 
for varying the position of the image on the 
screen in accordance with the movements of said 
15 flight simulating _device relative to said .target 
simulator. 
.11. A training .device comprising in combina- 
tion a grounded .support having a seat or a 
student; .means in said support simulating .the 
20 pitching and ba, nking control of a real .plane, 
said means being positioned to .be .operate_d-by 
a student in si-d seat; a-target-image receiving 
device in said su!port including a-screen posi- 
tioned for viewing by a studen; impulse trans- 
25 mitting means; means 0Perated bY the more- 
ments of said simulated contro! means or qaus- 
ing said impulse transmitting meanstotransmit 
impulses 'to said targetimage receivig device 
in.accordance with the-movemens of said simu- 
3o lated control means; and means .in said target- 
image receiving de,vice fr trans!ating said .im- 
pulses into a target.image on said scren 
cordance with the .movements .of said simu]uted 
control means. 
35 :!2. ,A training device cimprising in _combina- 
tion .a grounded.support.having a seat for a su- 
dent; control means in said support simulating 
the pitching and:banking control of a real plane, 
said control means-bein .positioned fo be op, 
4o .erated by a student in said seat; a taget-image 
receiving .device in said support .and inc!uding a 
screen positioned .tobe vieved .by a studen; 
image :positioning ,means in said arget-image 
receiving device responsie to impulses .received 
45 formoving a target .image -in a direction to ,indi- 
-cate a changedn.an assumedelevation angleof a 
.target from said sUpPOrt; Ampulse transmitting 
.means connected :to said target-imageiPesitioning 
means; and means operated bY the .mo,ve- 
,50 .ments of said-simulaed control,means .and bon- 
.nected to said impulse ransmitting «m.eans :for 
,causing .said impu]se trasm!tting rnens 
transmit impulses :to said image :.p0siioi-ng 
means in accodnce-vith ,the :movem¢ns :of 
55 said simulted .control .means. 
13. A training ,device comprising in combina- 
,tion a gro.unded uppor£ ,having a seat for a 
-studen£; control means in.aid support simulat- 
ing £he urning courtois :of a xeal .,plane, said 
--60 control ,means being positioned :o-.be operted 
.by a student in.:said,:seat; ,.a .trget-image receiv.- 
_ing device :in said .sup,port :including a screen 
p:ositioned:for viewing by. a :student; image posi- 
-tioning.means dn:said ranger-image .receiving,de- 
65 vice responsive o impulses receiv, ed for movjng 
a :ta:l:ge, t-image ,in .a direction 
change in . the.ssumed,.ele'ation angleof .atarget 
.from aid :support; ,.a :flight :simulating device 
:connected .fo .said ,support .and opm'atively :re- 
70 sponsive fo , the .mo:¢ements ,of :sai_d simulaed 
directional con.tro]s; impulse..ansmitting:means 
.connected ..vith said .trget-image -positioning 
means; and -.means operated by :the movem,ents 
of said flight _simula.ting «dviee :and : conneated 
'75 to said impuls tïansmitting means :for ,causing 
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said means to transmit impulses to said image 
positioning means in uccordance with the more- 
ments of said flight simulating device. 
14. A training device comprising in combina- 
tion a grounded stpport having u sent for a 
student; control means in said suppozt simulat- 
ing the turning controls of a real plane, said con- 
trol means being positioned tobe operated by a 
student in said sent; a target-image receiving 
device in said trainer including a screen posi- 
tioned for viewing by a student; impulse trans- 
mitting means operatively connected to. said 
target image receiving device .and to said simu- 
lated control means for transmitting impulses 
fo said target image receiving device in accord- 
ance with the movements of said simulated con- 
trols; and means in said t.arget-image receiving 
device for translating said impulses into a arget 
image on said screen and for varying the posi- 
tion of he image in accordance with the im- 
pulses transmitted. 
15. A training device comprising in combina- 
tion a grounded suppor.t having a sent for a 
student; control means in said support simulat- 
ing the turning controts of a real airplane, said 
controls being arranged fo..be manipulated by a 
student in said sent; indicating means carried by 
said stpport and positioned .fo be used by a 
student; an element positioned acco.rding to an 
assumed forward speed of.said support; a flrst 
means controlled by the position of said element 
and by the m0vements of said simulated turning 
contro]s; a second means .controlled by the more- 
ments of said simulated control means; means 
for combining the output of said first and second 
means; and means for control]ing said indicat- 
ing means in accordance with the combined out- 
put. 
16. A trairfing device oomprising in combina- 
tion a grounded support having a sent for a 
student; control means in said support simulat- 
ing the turning and banking controls in a real 
plane, said controls being arranged tobe 
manipulated by a student in said sent; indicat- 
ing means c'arried by said support and positioned 
Vo be nsed by a student; an element positioned 
according .to an assumed forward s,peed of said 
.support; a flrst means .controlled by the posi- 
.tion of said element and by the movements of 
said simulated turning .control means; a second 
means controlled by the movemenVs of said simu- 
lated banking confrol means; means for combin- 
ing the output of said first and second means; 
and means operatively connected to said ottput 
'combining means and to said indicating means 
for controlling said indicating means in accord- 
ance with the combined output. 
17. A training device ,comprising in combina- 
tion a grounded support having a sent for a 
student; .control means in said support simulat- 
ing the turning and pitching .controls in a real 
plane, said controls being arranged to be manipu- 
lated by a student in said sent; indicating means 
carried by said support and positioned to. be 
nsed by a student; an element positioned acco,rd- 
ing to an assumed forward speed of said sup- 
port; a flrst means controlled by the position of 
said element and by the movements of said 
simulated turning control means; a second 
means controlled by the movemenfs of said 
simulated pitching control means; means for 
combining the output of said first and second 
means; .and means operatively connected to said 
output combining means .and to said indicating 
means for controlling said indicating means in 
accordance with the combined output. 

 18. / training device comprising in combina- 
tion a .grounded support having a sent for a 
student; control means irï :saidsupport simulat- 
ing the turning, .pitching and banking control 
5 means in a real plane, suid controls being ar- 
ranged fo be manipulated by a student in-said 
sent; indicating means carried by said support 
and positioned to be used by a student; an ele- 
ment positioned according to an assumed for- 
10 ward peed of said support; a first means con- 
trolled by the position of said element and by .the 
movements of said simulated turning control 
me.ans; .a second means controlled by the move- 
ments of said simulted pitching control means; 
15 a third means controlled by the movements of 
said simulated oanking control means; means 
for combining the outputs of said first, second 
and third controlled means; and means for con- 
trolling said Ændicating means in .accordance with 
20 the combined output. 
19. A training device comprising in combina- 
tion a grounded support having a sent for a 
student; control means in said support simulat- 
ing the turning and banking eontrols in a real 
25 plane, said controls being arranged to be manip- 
ulated by a student in said sent; indicating 
means carried by said support and positioned te 
be used by a student; an element positioned ac- 
cording to an assumed forward speed of said sup- 
30 port; a flrst means controlled by the position of 
said element and by the movements of said simu- 
lated turning contro]s; a second means controlled 
by the movements of said simulated turning con- 
trol means; a third means controlled by the 
35 movements of said simulated banking control 
means; means for combining the outputs of said 
flrst, second and third controlled means; and 
means for controlling said indicating means in 
accordance with the combined output. 
40 20. A training device comprising in combina- 
tion a grounded support having a sent for a 
student; control means in said support simulating 
the turning and pitching controls in a real plane, 
said controls being arranged to be manipulated by 
a student in said sent; indicating means carried 
by said support and positi0ned to be used by a 
student; an element positioned according to an 
assumed forward speed of Said support; a flrst 
means controlled by the position of said element 
50 and by the movements of said simulated turning 
controls; a second means controlled by the move- 
ments of said simulated turning control means; 
a third means controlled by the movements of 
said simulated pitching control means; means for 
55 combining the outputs of said flrst, second and 
third controlled means; andmeans for controlling 
said indicating means in accordance with the 
combined output. 
21. A training device comprising in combina- 
60 tion a grounded support having a sent for a 
student; control means in said support simulating 
the turning, banking and pitching controls in a 
real plane, said controls being arranged to be 
manipulated by a student in said sent; indicating 
65 means carried by said support and positioned to 
be used by a student; an element positioned ac- 
cording to an assumed forward speed of said 
support; a flrst means controlled by the position 
of said element and by the movements of said 
70 simulated turning, controls; a second means con- 
trolled by the movements of said simulated turn- 
ing control means; a third means controlled by 
the movements of said Simulated banking control 
means; a fourth.means controlled by the move- 
75 ments .of said simulated .pitching control means; 



means for combining the outputs of said first, 
second, third and fourth controlled means; and 
means for controlling said indicating means in 
accordance with the output so combined. 
».. A training device comprising in combina- 
 lion a grounded support having a seat ïor a 
student; control means in said support simulat- 
ing the pitching control means in a real plane, 
said means being positioned tobe operated by a 
student in said seat; instrmnent indicating means 
carried by said support and positioned tobe used 
by a student in said support; means for causing 
said instrument indicating means to .indicate ac- 
cording to an assumed distance ïrom said sup- 
port to tn assumed object; and means ïor modify- 
ing the indication of said instrument according 
to the position of said simulated pitching control 
means. 
.3. A training device comprising in combina- 
tion a grounded support having a seat ïor a 'stu- 
dent; control means in said support simulating 
the banking control means in a real plane, said 
means being positioned tobe operated by a stu- 
dent in said seat; instrument indicating means 
carried by said support and positioned tobe used 
by a student in said support; means ïor causing 
said instrtmqent indicating means to indicate ac- 
cording to an assumed distance îrom said support 
to an assumed object; and means for modifying 
the indication of said instrument according to the 
position oï said simulated banking control means. 
.4. A training device comprising in combina- 
tion a gïounded support having a seat ïor a 
student; contïol means in said support simulating 
the pitching and banking control means in a 
real plane, said means being p0sitioned tobe 
operated by a student in said seat; instrument in- 
dicating means carried by said support and posi- 
tioned tobe used by a student in said support; 
means for causing said instrument indicating 
means to indicate according to an .assumed dis- 
tance from said support to an assumed object; 
and means for modifying the indication oï said 
instrument according to the position oï said 
sLmulated pitching and banking control .means. 
25. A training device oï the Character de- 
scribed comprising a member rotatably mounted 
upon a stationary base; operating means asso- 
ciated with said trainer controllable by a stu- 
dent therein for causing said trainer to turn with 
respect to said stationary .base; a target-image 
receiving device in said trainer including a screen 
positioned foi" viewing by the student; means op- 
er«ted by the turning oï said trainer relative to 
said stationary base; impulse transmitting means 
operatively connected to said target image re- 
ceiving device and to said means operated by the 
turning of said trainer ïor transmitting impulses 
to said target image receiving device in accord- 
ance with the turning oï said trainer; and means 
in said target-image receiving device ïor trans- 
lating said impulses into a target-image on said 
screen and ïor varying the position aï the im- 
age on the screen in accordance with the 
pulses transmitted. 
.. 2 training device oï the character de- 
scribed comprising afirst member mounted upon 
a stationary base and having a seat ïor a stu- 
dent, said member being movable in simulation 
of certain movements oï .a vehicle in transit; a 
second course simu!ating member havig mans 
oï forward movement and being dire-ctionally 
responsive to the movements oï said firstmem - 
ber about its vertical axis-separated ïrom and 
connected to said rit-member; a third-member 

adapted to represent .the position of a naviga- 
tional guide; means ,movably responsive to the 
movements oï said second member rela.tive to 
said third member coupling said third member 
5 with satd second member; means for indicating 
an assumed position oï said navigational guide 
relative to an assumed position of said first ruera- 
ber in terres oï azimuth, elevation angle and 
slant range; and means operatively connected to 
10 said indicating meani and to saidcoupling means 
for cansing said indicating means to respond to 
the movements oï said coupling means. 
2,ï. A training device oï the Character de- 
scribed comprising a first member mounted upon 
15 a stationary base and having a seat ïor a stu- 
dent, said member being movable in simulation 
of certain movements oï a vehicle in transit; a 
second course simulating member having means 
of ïorward movement and being directionally 
2O responsive to the movements oï said first ruera- 
ber about its vertical axis separated ïrom and 
connected fo said first member; a third member 
adapted to represent a navigational guide; means 
movably responsive to the movements oï said sec- 
5 ond member relative to said third member cou- 
pling said third member with said second mem- 
ber; means for positioning an element in accord- 
a.nce with the combined position oï said movable 
coupling means and the position oï said first 
3O member about its vertical axis; means ïor indi- 
cating an assumed azimuth oï said navigational 
guide ïrom said vehicle; and means operatively 
connected to said element and to said indicator 
ïor causing said indicator to respond to changes 
35 in the position oï said element. 
28. A training device of the character de- 
scribed comprising a first member mounted upon 
a stationary base and having a seat ïor a stu- 
dent, s«id member being movable in simulation 
40 oï certain movements oï a vehicle in .transit; a 
second course simulating member having means 
oï ïorward movement and being directionally 
responsive to the movements of said first member 
about its vertical axis separated ïrom and con- 
nected to said first member; a third member 
5 adapted to represent the position of a naviga- 
tional guide, said third member being associated 
with said second member; means associated with 
said first member ïor indicating an assumed 
azimuth of said navigational guide from said 
5o vehicle; and means ïor causing said indicator to 
respond to changes in the relative angular po 
sitions of said second and third members. 
29. A training device 
55 scribed comprising a first member mounted upon 
a stationary base and having a seat ïor a stu- 
dent, said member being universally mounted 
ïor movement in simulation of the pitching and 
banking of a vehicle in transit; a second course 
60 simulating member having means of Iorward 
movement and being directionally responsive to 
the movements of said first member about its 
vertical axis separated ïrom and connected to 
said first member; a third member adapted to 
65 represent a navigational guide, said third mem- 
ber being associated with iaid second member; 
means associated with said first member ïor ln- 
dicating an assumed angular position oï said 
naiigational guide relative to an assumed plane 
7o through the lateral and longitudinal axes oï said 
first member; and means ïor causing said indi- 
cator to respond-to the movements oï said first 
member about its lateral and longitudinal axes. 
. 30. A training devce oï the character de- 
75 scribed compïising 'a first member mounted upon 
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a stationary base and having a seat for a stu- 
dent, sald member being universally and rotat- 
ably mounted for movement in simulation of the 
.pitching, banking and turning of a vehicle in 
transit; a second course simulating member hav- 5 
ing means of forward movement and being 
rectionally responsive fo the movements of said 
first member about ifs vertical axis separated 
from and connected fo said first member; a third 
member adapted fo represent a navigational 
guide, said third member being associated with 
said second member; means associated with said 
first member for indicating an assumed angular 
position of said navigational guide relative fo an 
 assumed plane through the lateral and longitu- 15 
dinal axes of said first member; and means for 
causing said indicator fo respond fo the more- 
ments of said .first member about ifs lateral and 
longitudinal axes tin accordance with the posi- 
 tion of said first member about ifs vertical axis 
as well as the distance between said second and 
third members.. 
31. A-tralning device of the character 
scribed comprising a first vehicle simulating 
member mounted upon a stationary base and 
having a seat for a student; a movable element; 
means for positioning said movable element in 
accordance with an assumed difference in alti- 
tude of sald vehicle and a navigational guide; 
 means associated with sald first member for 30 
hudicatin0 an assumed angular position of the 
navigational guide relative fo an assumed plane 
throu0h the lateral and lon0itudinal axes of 
said first member; and means for causing said 
indicator to respond fo changes in the position 35 
of said movable element. 
32. A trahuing device of the character de- 
scribed comprising a ïrst member mounted upon 
a stationary base and having a seat for a stu- 
dent, said member being movable in simulation 40 
of certain movements of a vehicle in transit; 
a second course simulating member having means 
of forward movement connected to said first 
member so as tobe directionally responsive to 
the movements of said first member about its 45 
vertical axis; a third member adapted fo repre- 
sent a navigational guide, said third member 
being associated with sid second member; means 
associated vith said first member for indicating 
an assumed angular position of said navigational 50 
guide relative to an assumed plane through the. 
 lateral and longitudinal axes of said first ruera- 
ber; and means for causing said indicator fo 
. respond fo changes in the distance between said 
second and third members. 55 
33. A training device oï the character described 
comprising a first member mounted upon a sta- 
tionary base and having a seat îor a student, 
said member being movable in simulation oî cer- 
tain movements oï a vehicle in transit; a second 60 
course simulating member having means 
ward movement connected fo said first member 
so as tobe directionally responsive fo the more- 
ments oï said first member about ifs vertical 
axis; a third member adapted fo represent a 
 navigational guide, said third member behug 
sociated with .said second member; a movable 
element; means ïor positiorng said element in 
accordance with an assumed difference in alti- 
tude oï said vehicle and said navigational guide; 
 means associated vith sald first member ïor 
dicating an assumed angular position of said 
navigational guide relative fo an assumed plane 
. through the lateral and longitudinal axes of 
said flrst member; and means for causing said 

indicator fo respond fo changes in the distance 
between said second and third members and fo 
changes in the position of said element. 
34. A training device of the character de- 
scribed comprising a first member mounted upon 
a stationary base and having a seat for a stu- 
dent, said member being universally mounted for 
movement in simulation of the pitching and 
banking of a vehicle in transit; a second course 
simulating member having means of forward 
movement connected fo said first member so as 
fo be directionally responsive fo the movements 
of said first member about its vertical axis; a 
third member adapted to represent a naviga- 
tional guide, sald third member being associated 
with said second member; a movable element; 
means for positioning said element in accord- 
ance with an assumed difference in altitude of 
said vehicle and said navigational guide; means 
associated with said first member for indicating 
an assumed angular position of sald navigational 
guide relative to an assumed plane through the 
lateral and longitudinal axes of sald first ruera- 
ber; and means for causing said indicator fo 
respond fo the movements of said first member 
about its lateral and longitudinal axes, to 
changes in the distance between sald second and 
third members, and to changes in the position 
of said element. 
35. A training device of the character de- 
scribed comprising a member mounted upon a 
stationary base for simulating a vehicle; a mov- 
able element; means for positioning said mov-- 
able element in accordance with an assumed 
difference in altitude of said vehicle and a navi- 
gational guide; means associated with said first 
member for indicating an assumed distance from 
said first member fo sald navigational guide; 
and means for causing said indicating means to 
respond fo the movements of said movable ele- 
ment. 
36. A training device of the character de- 
scribed comprising a first member mounted upon 
a stationary base and having a seat for a stu- 
dent, said member hein, movable in simulation 
of certain movements of a vehicle in transit; a 
second course simulating member having means 
of forward movement connected to said first ruera- 
ber so as fo be directionally responsive to the 
movements of said first member about ifs vertical 
axis; a third member adapted fo represent a 
navigational guide, sald third member being 
sociated with said second member; means asso- 
ciated with said first member for indicating an 
assumed distance between sald vehicle and said 
navigational guide; and means for causing sald 
indicator fo respond fo changes in the distance 
between said second and third members. 
37. A training device of the character described 
comprising a member mounted upon a stationary 
base for simulating a vehicle; a second course 
simulating member having means of forward 
 movement connected fo sald first member so as to 
be directionally responsive fo the movements of 
65 sald first member about ifs vertical axis; a third 
member adapted to represent a navigational 
guide, said third member being associated with 
sald second member; a movable element; means 
for positioning said element in accordance with 
70 an assumed difference in altitude of sald vehicle 
and said navigational guide; means associated 
with said irst member for indicating an assumed 
. distance from said first member to sald naviga- 
tional guide; and means for causing said indicat- 
75 ing means to repond to changes in the distance 
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between said second and third members and to 
chages in the position of said element. 
3.8. In an alrcraft trainer operable by a trainee 
in simulation- of iïight, mear for determining 
the instant values of- the Cartesian coordinates 
of the simulated changing position of the trainer 
in its simulated flighç, means for determining the 
values of the Cartesian coordinates of the simu- 
lated position of a simulated objective, means for 
combining said- coordinates- and resolving the re- 
sults into potentials representative of the dis- 
tance and azimuth and-elevation angles of the 
Path from the simulated- fiigh position of the 
tralner to the objective; and indicating means 
operable in response to the distance and azimuth 
and elevation angle potentials to indicate the 
stant distance to the objeckive and the instant 
position of the objective with respect to the simu- 
lated line of flight of the trainer. 
39. In an aircraft trainer operable by a trainee 
in simulation of flight, means for determining the 
instant values of the Cartesian coordinates of 
the simulated changg position of the trainer 
in ifs simulated fllght, means for determining 
the values of the Cartesian coordinates of the 
simulated position of a simulated objecçive, 
means for combining said coordinates and re- 
solving the results into potentials representative 
of the distance and azimuth and elevation angles 
of a path from the simulated flight position of 
the trainer to the objective, a first indicator op- 
erable in response to said distance potential to 
indicate the instant distance to the objective, 
and a second indicator operable in response to 
the azimuth and elevation angle potentials to 
indicate the instant position of the objective with 
respect to the line of simulated flight of the 
trainer. 
40. In an aircraft trainer operable by a trainee 
in simulation of flight, means for determining 
the instant values of the Cartesian coordinates of 
the simulated changing position of the ?rainer in 
ifs simulated fllght, means for determining the 
values of the Cartesian coordinates of the simu- 
lated position of a simulated objective, means for 
combining said coordinates and resolving the re- 
sults into potentials representative of the distance 
and azimuth and elevation angles of a path from 
the simulated flight position of the trainer to the 
objective, a fin'st indicator operable in response 
to said distance potential to indicate the instant 
distance to the objective, a second indicator op- 
erable in response to the azimuth and elevation 
angle potentials to indicate the instant position 
of the objective with respect to the line of sLmu- 
lated flight of the trainer, and means to modifF 
the operation of said second indicator in response 
to the simulated deviation of the trainer from 
straight line flight. 
41. In an aircraft trainer operable by a brainee 
in simulation of lïight, means for determining the 
instant values of the Cartesian coordinales of the 
simulated changing position of the trainer in its 
simulated flight, means for detemining the 
stant values of the Cartesian coordinates of the 
simulated changing position of a moving objec- 
tive, means for combining said coordinates and 
resolving the results into potentials representa- 
rive of the distance, and azimuth and elevation 
angles of a path from the simulated flight posi- 
tion of the trainer fo. the objective, a flrst indica- 
tor opeïable in response fo said distance potential 
fo indicate the instant distance to the objective 
and a second indicator operable in response to the 
azimuth and elevation angle potentials fo indi- 

cate the instant position of the objective with ter 
spect to the line of simulatedflight, of the trainer. 
42. An aircraft trainer operable, by a trainee' 
in simulation of flight, means for dtermining the. 
5 instant values, of the Cartesian Coozdinates oî the 
simulated changing position of the trainer in 
simulated flight, means for detemining the val- 
ues of tlie Cartesian coordinates of. the simulated 
position of an objective, means for combining 
10 said coordinates and resolving the results into 
tentials representative of the distance and azi- 
muth and elevation angles of a flight path from 
the simu!ated flight position of the trainer fo the 
objective, a first indicator operable inresponse 
15 to the distance potential fo indicae the..distance, 
a second indicator operable in response fo the 
azimuth and elevation angle potentials fo indi- 
cate the position of the objective with respect fo 
the line of simulated flight of the trainer, and 
20 means to modify the operation of said second 
dicator in response fo the simulated deviation of 
the trainer from straight line flight. 
43. In an aircraft trainer operable by a tralnee 
in simulation of flight, means for determining 
25 the instant values of the Cartesian coozdinates 
of the simulated changing position of the trainer 
in simulated fllght, means for determining the 
values of the Cartesian coordinates of the simu- 
lated position of an objective, means for combin- 
0 ing said coordinates and resolving the results into 
potentials representative of the distance and azi- 
muth and elevation angles of a flight path from 
the simulated flight position of the trainer fo 
the objective, a first indicator operable in 
5 sponse to the distance potential to indicate the 
instant .distance, a second indicator operable in 
response to the azimuth and elevation angle po- 
tentials to indicate the instant position of the 
objective with respect to the line of simulated 
40 flight of the trainer, and means to modify the 
operation of said second indicator in response fo 
the simulated yawing, pitching and rolling of the 
trainer with respect to. the straight line flight 
path from the trainer to the objective. 
44. In an aircraft trainer operable by a trainee 
45 in simulation of flight, means for determining the 
instant values of the Cartesian coordinates of the 
simulated changing position of the trainer in its 
simulated flight, means for determining the in- 
stant values of the Cartesian coordinates of the 
50 simulated changing position of a moving objec- 
tive, means for combining said coordinates and 
resolving the results into polar coordinate poten- 
tials repiesentative of the distance and azimuth 
and elevation angles of a path from the simu- 
55 lated flight position of the trainer to the objec- 
tive, a flrst indicator operable in response to said 
distance potential to indicate the instant dis- 
tance, and a second indicator operable in re- 
60 sponse to the azimuth and elevation angle poten- 
tials fo indicate the instant position of the objec- 
tive with respect to the line of simulated flight 
of the trainer. 
45. In an aircraft trainer operable by a trainee 
65 in simulation of flight, means for determining 
the insçant values of the Cartesian coordinates 
of the simulated changing position of the trainer 
in simulated flight, means for determining the 
instant values of the Cartesian coordinates of the 
70 simulated changing position of a moving objec- 
tive, means for subtracting said coordinates and 
resolving the remainders into the polar coordi- 
nate potentials representative of the distance and 
azimuth and elevation angles of a path from the 
75 simutated flight position of the trainer fo the oh- 



jective, a flrst indicator operable in response fo 
said distance potential fo indicate the instant 
distance, a second indicator operable in rèsponse 
to the azimuth and elevation angle potentlals fo 
indicate the instant position of the objective with 5 
respect fo the line of simulated flight of the 
trainer, and means to modify the operation of 
said econd indicator in response to the simu- 
lated deviation of the trainer from straight line 
flight. 10 
EDWIN A. LINK. 
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